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ABSTRACT 
Care needs to be taken when creating learning objectives for a post-secondary 
manufacturing course in Industrial Technology to ensure students get the skills needed. 
Currently, most institutes teach different topics in their introductory and advanced manufacturing 
courses. With no guidance to follow, there is uncertainty in what should be taught in introductory 
and advanced manufacturing courses. This research uses a quantitative survey to investigate 
what the Iowa manufacturing companies identify as the most essential technical skills graduates 
need to know before entering the Iowa manufacturing workforce. Quality and Continuous 
Improvement was determined to be the most essential technical skill the Iowa manufacturing 
industry wants graduates to know before being hired. Additionally, knowledge of Metals, 
plastics, and polymers were determined to be the most valuable materials to the Iowa 
manufacturing industry. The Iowa manufacturing industry’s needs data was then compared to 
what is already being taught in manufacturing courses in Industrial Technology programs 
accredited by the Association of Technology, Management, and Applied Engineering (ATMAE). 
Fabrication was determined to be the most frequently taught topic in manufacturing courses in 
ATMAE accredited Industrial Technology programs. This research then identifies learning 
objectives for an advanced and an introductory manufacturing course by considering Iowa 
manufacturing industry’s needs and subjects currently being taught in ATMAE accredited 
Industrial Technology programs. Finally, this research uses the Industrial Technology curriculum 
with a manufacturing option at Iowa State University as a case study to investigate how these 
learning objectives can be implemented into a post-secondary program.
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CHAPTER 1.    GENERAL INTRODUCTION  
Background 
Currently, review of literature and course descriptions of manufacturing courses at 
institutions with an Association of Technology, Management, and Applied Engineering 
(ATMAE) accreditation offer limited data on manufacturing course curriculum needs. More 
specifically, no standard set of learning objectives for what needs to be taught in an introductory 
manufacturing course or an advanced manufacturing course for an Industrial Technology, 
manufacturing option or related program has been identified (Rahmawan & Kholis, 2017). There 
are many differences between introductory courses across multiple campuses, which results in a 
diverse range of topics being taught in advanced courses across the country.   
Some institutes with an Industrial Technology program only have one advanced 
manufacturing course (Central Washington University, n.d.) while others have multiple 
(University of Northern Iowa, n.d.). Other institutes, such as California Polytechnic State 
University, have no advanced manufacturing class. There are institutes which solely teach metal 
and/or plastic manufacturing while others teach wood manufacturing in addition to metals and 
plastics. Each institute has a different amount of overlap between the introductory and advanced 
courses (e.g., Iowa State University, n.d.; Southeastern Louisiana University, n.d.; University of 
Northern Iowa, n.d.). This overlap results in no apparent pattern for what needs to be taught or 
when topics need to be taught.  
This research will use survey methods to develop a case study to identify how one 
ATMAE accredited program should have their manufacturing courses set up for their Industrial 
Technology program with a manufacturing option to align the content being taught with the Iowa 
manufacturing industry’s needs. Iowa State University was chosen for the case study out of 
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convenience to the researcher. Iowa State University’s Industrial Technology program is a useful 
case study due to the split of two introductory manufacturing courses and an advanced 
manufacturing course. This case study will help to identify the overlap between introductory and 
advanced courses as well as investigate how to align the Iowa manufacturing industry’s needs 
with the courses that are currently being taught. 
 
Example Curriculum: Iowa State University  
The Agricultural and Biosystems Engineering Department (ABE) at Iowa State 
University mission statement states that they give students an education in engineering and 
technology for agriculture, industry, and living systems. ABE states that they accomplish 
this through the promotion of graduates’ education in engineering and technology along with 
discovering new technologies for all stakeholders (Iowa State University, n.d.). The ABE 
department is home to four majors, Agricultural Systems Technology (AST), Industrial 
Technology (ITech), Agricultural Engineering, and Biological Systems Engineering (Iowa State 
University, n.d.). AST and ITech students take TSM 240, TSM 241, and TSM 340 as part of 
their course work (Iowa State University, n.d.). 
TSM 240: Introduction to Advanced Manufacturing and Metals Processing has the 
following course description: 
A study of selected materials, properties, and related processes used in Metals 
manufacturing. Lecture and laboratory activities focus on processes and advanced 
manufacturing (Iowa State University, n.d.). 




A study of selected materials and related processes used in plastics manufacturing. 
Lecture and laboratory activities focus on materials, properties, and processes (Iowa 
State University, n.d.). 
TSM 340: Advanced Automated Manufacturing Processes has the following course 
description: 
NC programming operations and machining practices for CNC mills and lathes. Transfer 
of part descriptions into detailed process plans, tool selection, and NC codes. Use of 
CAD/CAM for automated NC programming in 2D/3D machining operations of student 
designed parts (Iowa State University, n.d.). 
 
Purpose 
The purpose of this research is to set learning objectives for manufacturing courses to better 
align with industry needs in addition to instructor opinions. Currently, there is no universal set of 
learning objectives for manufacturing courses in Industrial Technology or other related programs 
of study (Rahmawan & Kholis, 2017). Every institution teaches different content and has a 
different set of learning objectives (Iowa State University, n.d.; University of Northern Iowa, 
n.d.). These differences lead to the question: what do Industrial Technology students or students 
in a similar program need to know before entering the manufacturing workforce? This question 
was answered with three objectives. The scope of this research is Industrial Technology 






The first objective of this study was to investigate the alignment of the Iowa 
manufacturing industry’s needs with learning objectives taught in manufacturing courses in an 
Industrial Technology-related field of study. The research question guiding this objective was: 
• What advanced manufacturing technical skills does the Iowa manufacturing industry 
value of college graduates? 
 
Objective two 
The second objective was to create a separation between the introduction to 
manufacturing courses and the advanced manufacturing courses. Learning objectives for the 
laboratory portion of each course were the focus of this objective. The research question guiding 
this objective was: 
• What do the technical learning objectives need to be for an introductory manufacturing 
course and an advanced manufacturing course in an Industrial Technology-related 
program of study? 
 
Objective three 
The final objective of this research was to identify a method to separate TSM 240 and 
TSM 241, introductory manufacturing courses, and TSM 340, an advanced manufacturing course  
all taught at Iowa State University. The research question guiding this objective was: 
• How can the course content of TSM 240, TSM 241, and TSM 340 be separated while 




Significance of Research 
According to the U.S. Bureau of Labor Statistics (n.d.) the manufacturing industry is 
projected to lose 550,000 jobs by 2022. Only 19 out of the 77 manufacturing sectors are expected 
to add jobs. The 12 manufacturing sectors below are projected to gain jobs and are sectors that 
industrial technology students work in (Torpey, 2014). 
• Motor vehicle parts manufacturing 
• Machine shops; turned product; and screw, nut, and bolt manufacturing 
• Architectural and structural Metals manufacturing 
• Other fabricated metal product manufacturing 
• Household and institutional furniture and kitchen cabinet manufacturing 
• Other wood product manufacturing 
• Other food manufacturing 
• Motor vehicle manufacturing 
• Motor vehicle body and trailer manufacturing 
• Office furniture (including fixtures) manufacturing 
• Veneer, plywood, and engineered wood product manufacturing 
• Other transportation equipment manufacturing 
According to the U.S. Bureau of Labor Statistics, 2020, the industrial engineering 
technicians job outlook predicts only a one percent increase in careers from 2019-2029. This is 
only 1,000 additional jobs being added to this industry.  
It is projected that by 2029, the United States will lose 444,800 manufacturing jobs. This 
is three and a half percent of all manufacturing jobs in the United States. Manufacturing is one of 
only five industries that are projected to lose jobs by 2029 along with information, wholesale 
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trade, retail trade, and utilities. All other industry sectors are projected to gain jobs and include 
healthcare and social assistance, mining, quarrying, and oil and gas extraction, professional, 
scientific, and technical services, arts, entertainment, and recreation, accommodation and food 
services, transportation and warehousing, other services, construction, educational services, 
finance and insurance, and government (Bureau of Labor Statistics, 2020).  
 With this decline, the importance of graduates’ ability to be more marketable when 
trying to find a job in the manufacturing industry is becoming more important (Torpey, 2014). 
One option for students to increase their marketability is to pursue a degree in manufacturing or 
another related field. The Association of Technology, Management, and Applied Engineering 
(ATMAE, n.d.) has 24 manufacturing accredited programs across the United States as of June 
2020. These programs come from 19 different schools as seen in Table 1-1 (ATMAE, 2019). 
Each program teaches different topics that relate to the manufacturing industry (e.g., East 
Carolina University, n.d.; Iowa State University, n.d.; Jacksonville State University, n.d.). To 
have a constant between programs, one could set universal program learning objectives either 
across the state or across the country. Even if there is a universal set of learning objectives 
between programs, they are not effective unless they meet the Iowa manufacturing industry’s 
needs, which could be different based on geographical location (Caffarella & Daffron, 2013). 
This study is meant to set a standard set of learning objectives for Industrial Technology 
manufacturing courses in Iowa. This set of learning objectives would be flexible, so they can be 
molded to fit the needs of the manufacturing industry in the geographical area they are being 
taught in. This research was done for Iowa, but the results could be different for different 
geological locations. If a universal set of learning objectives is to be made, more research will 
need to be done to account for all geographical locations instead of just Iowa. This research 
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frames a way to determine the manufacturing industry’s needs for different locations and can be 
used to set learning objectives for each geographical location. This research considers Iowa 
manufacturing industry’s needs for technical skills while also analyzing what is already taught in 
the ATMAE accredited programs. The goal being to strengthen the ATMAE accredited 
programs and students' readiness to enter the manufacturing industry workforce.  
Alignment of learning objectives for a college manufacturing course to Iowa 
manufacturing industry’s needs is important to prepare students for their careers in the industry. 
The alignment is important, because industry wants to hire employees that know the basics of 
their processes and how to operate their equipment (Arroisi et al., 2019). Industry leaders who 
hire the students should identify what important manufacturing topics should be learned before 
graduates are hired. A survey could be used to identify industry needs and gaps in desired pre-
employed knowledge and pre-employment that should be taught in the manufacturing courses. 















 Accredited ATMAE Programs (ATMAE, 2019) 
 
SME’s four pillars of manufacturing knowledge outlines what was needed in the 
manufacturing industry at the time of its creation. A pillar is an accreditation criteria proficiency 
for manufacturing engineering and manufacturing engineering technology (SME, 2012). Pillar 
one is Materials and Manufacturing Processes. Pillar two is product tooling and assembly 
engineering. Pillar three is Manufacturing Systems and Operations. Pillar four is Manufacturing 
Competitiveness (Four Pillars of Manufacturing Knowledge, n.d.). Each pillar relates to the two 
foundations which are Mathematics and Science and Personal Effectiveness. The foundations are 
Institution Name Program Name Option Name 








East Carolina University Industrial Technology Bioprocess Manufacturing 
Fort Hays State University Technology Manufacturing Technology 
Iowa State University Industrial Technology Manufacturing 
Jackson State University 
 
Manufacturing Design Technology 
Jacksonville State University Applied Manufacturing Engineering 
 
Design & Automation 
Manufacturing Management 
Millersville University of 
Pennsylvania 
Applied Engineering & Technology 
Management 
Advanced Manufacturing Technology 
Morehead State University 
Engineering Technology Construction Management & Civil 
Engineering Technology 




Ohio Northern University Manufacturing Technology 
Applied Robotics 
Manufacturing Management 
San Jose State University Industrial Technology Manufacturing Systems 
Southern Illinois University 
Carbondale 
Industrial Management and Applied 
Engineering 
Manufacturing 
Southwestern Oklahoma State 
University 
Industrial Technology Manufacturing Technology 
SUNY Buffalo State Industrial Technology Manufacturing 




University of Southern Maine Technology Management Precision Manufacturing 
University of Wisconsin – 
Platteville 
Industrial Technology Management Manufacturing Technology Management 
Western Kentucky University 
Advanced Manufacturing Manufacturing & Industrial Distribution 
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the core concepts needed to be able to achieve the proficiencies of each pillar. The Mathematics 
and Sciences foundation consist of physics, chemistry, biosciences, algebra, calculus, and others. 
The Personal Effectiveness foundations consist of interpersonal skills, presentation skills, 
lifelong learning, and others. Each pillar is made up of fundamental topics. A fundamental topic 
is function or task one should know with in the pillars. The Materials and Manufacturing 
Processes pillar consist of Engineering Sciences, Materials, and Manufacturing Processes 
fundamentals. Each of these fundamentals have sub-topics. The product, tooling and assembly 
engineering pillar consist of Product Design, Process Design, and equipment and Tool Design. 
The Manufacturing Systems and Operations pillar consist of Production System Design and 
automation systems and controls. The final pillar, manufacturing competitiveness, consist of the 
Manufacturing Management and Quality and Continuous Improvement fundamentals. Figure 1-1 





The Four Core Areas and 10 Fundamentals 
Materials and Manufacturing 
Processes 
Product, Tooling, and Assembly 
Engineering 
Manufacturing Systems and 
Operations 
Manufacturing Competitiveness 
Engineering Sciences Product Design Production System Design 
Quality and Continuous 
Improvement 
Statics and Dynamics Simulation and Engineering Design Capacity Planning Customer Focus 
Mechanics of Materials Intellectual Property Protection 
Facility Planning and Plant 
Layout 
Quality Systems and Standards 
Fluid Mechanics Design Management 
Process Planning and 
Development 
Inspection, Test, and Validation  
Thermodynamics and Heat Transfer 
Design for X (Manufacturing, 
Assembly, Maintenance, etc.) 
Transfer 
Infrastructure and Plant 
Location 
Problem Analysis and Solving 
Electronical Circuits and Electronics Market, Sales, and Lifecycle Analysis  
Product and Manufacturing 
System Design 
Factor Analysis 
Materials Concurrent Engineering Process Documentation Capability Analysis 
Metals Thermodynamics and Heat Work Instructions Statistical Control Methods 
Plastics and Polymers Drawing and Engineering Graphics  Tool and Equipment Selection Metrology 
Composites CAD/CAM/CAE 
Production System Build and 
Test 
Reliability Analysis 
Ceramics Tolerance Analysis and GD&T 
Human Factors, Ergonomics, 
and Safety 
Continuous Improvement and Lean 
Fluids Product Reliability Maintenance Systems Customer and Field Service 
Glasses  Environmental Protection   
Nanotechnology  Waste Management   
Foams    Manufacturing Management 
Hybrids Process Design  Strategic Planning 
Natural Materials Process Research and Development  Global Competition 
Manufacturing Processes Simulation and Product Analysis  
 Organizational Design and 
Management 
Material Removal Product Prototype Build and Test  Project Management 
Fabrication Print Reading 
Automated Systems and 
Control 
Personnel Management 
Hot and Cold Forming Rapid Prototyping 
Power Systems (Mechanical, 
Electrical, and Fluid) 
Human Behavior and Leadership 
Casting and Molding 
 Control Systems (Mechanical, 
Electrical, and Fluid) 
Labor Relations 
Electronical and Electronics 
Manufacturing 
 
Packaging Systems Education and Training 
Heat Treatment Equipment and Tool Design 
Automated Systems (Hard and 
Flexible) 
Operations Research and Forecasting 
Joining, Welding, and Assembly Cutting Tool Design 
CNC, PLC, and Computer 
Control 
Supply Chain and Logistics 
Finishing Work Holding Tool Design 
Computer Systems and 
Networks 
Accounting, Finance, and Economics  
Bulk and Continuous Flow Die and Mold Design Information Technology Business and Engineering Ethics  
Material Handling and Packaging Gage Design Database Systems (MIS, etc.) Social Responsibility 





Standards, Law, and Regulations  
Foundation 
Mathematics and Science Personal Effectiveness 
Physics, Chemistry, Bioscience, Algebra, Trigonometry, Analytic Geometry, 
Calculus, Probability, Statistics   
Interpersonal Skills, Negotiating, Conflict Management, Innovation, 
Creativity, Written and Oral Communication, Presentation Skills, 
Lifelong Learning, Knowledge  




The data for objective one and two was collected from a survey dispersed to Iowa 
manufacturing companies that hire Industrial Technology students from Iowa State University. 
Iowa manufacturers were the focus of this research, because contact information for Iowa 
manufacturers was readily available. Additionally, required manufacturing courses from all 
Industrial Technology programs with an Association of Technology, Management, and Applied 
Engineering accreditation were examined to determine what is currently being taught at these 
institutions. Objective three uses all previous data from objectives one and two as well as a 
survey to manufacturing faculty in the Industrial Technology department at Iowa State 
University. The educator rankings survey sent to Iowa State University instructors was also 
based on the SME four pillars of manufacturing. This research (20-152-00) was reviewed by the 
Institutional Review Board (IRB), and declared this study exempt from further review. The 
exemption can be seen in Appendix A. 
 
Thesis Structure 
This thesis followed the manuscript format defined by Iowa State University’s Graduate 
College. The first chapter provided a background on the research. Additionally, chapter one 
introduced the three objectives and methodology used in this thesis. Chapters two and three are 
written in the manuscript format to be submitted to research journals. Chapter two includes the 
literature review for objectives one and two along with the methods, data, discussion, and 
conclusion for these objectives. Chapter three includes the literature review for objective three 
along with the methods, data, discussion, and conclusion for objective three. Chapter four is an 
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CHAPTER 2.    IOWA MANUFACTURING INDUSTRY NEEDS AND INDUSTRIAL 
TECHNOLOGY MANUFACTUIRNG LEARNING OBJECTIVES 
 
Taylor Marie Reth, Iowa State University 
Dr. Mark S Hainline, Iowa State University 
Dr. John R Haughery, Millersville University 
Dr. Saxon J Ryan, Iowa State University 




Learning objectives for post-secondary manufacturing courses in Industrial Technology 
programs are important to the education of undergraduate students. There is currently no 
universal set of learning objectives for introductory nor advanced manufacturing courses in an 
Industrial Technology related program which makes determining what institutions are teaching 
the correct information to align with the local manufacturing industry’s needs  difficult. This 
research uses a Google survey to determine the Iowa manufacturing industry’s needs when about 
technical skills. Quality and Continuous Improvement was determined to be the most important 
technical topic to the Iowa manufacturing industry. The Iowa manufacturing industry also found 
knowledge of Metals, plastics, and polymers important when deciding on what new graduate to 
hire. What is currently being taught can also be considered when determining learning objectives 
for manufacturing courses. This study examined what technical manufacturing topics were 
currently being taught in manufacturing courses in Industrial Technology programs with an 
Association of Technology, Management, and Applied Engineering (ATMAE) accreditation. 
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Examination of the ATMAE accredited Industrial Technology programs concluded that 
Fabrication is the manufacturing process taught at the highest number of ATMAE accredited 
institutions. This research then compares what is currently being taught with the Iowa 
manufacturing industry’s needs. Learning objectives were then developed to guide what should 
be taught in introductory and advanced manufacturing courses while aligning with the Iowa 
manufacturing industry’s needs. Further research needs to be conducted to determine if safety 
and additive manufacturing topics are important to the Iowa manufacturing industry as these 




Currently, there is no guidance in what needs to be taught in introductory or advanced 
manufacturing courses in an Industrial Technology related program of study as stated in chapter 
one. When looking at Industrial Technology manufacturing curriculum around the country and 
even just Iowa, no two institutions teach the same topics. Some institutions have one 
introductory manufacturing course while others have multiple. Some institutions do not have any 
advanced manufacturing courses while others have one or more. Within these courses the topics 
are all different and what programs are teaching the correct topics is unknown.  
To identify what topics should be considered when creating the manufacturing 
curriculum in an Industrial Technology program, one should look at the stakeholders needs. For 
this research, stakeholders are those who hire graduates from the Industrial Technology program. 
These stakeholders are mainly manufacturing companies. Teaching what is important to the 
stakeholders is important, because teaching the needed topics from industry makes the graduate 
more marketable when looking for a job. If stakeholders no longer need a topic in the workforce, 
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the topic should not be considered when teaching students, but if a new topic is needed by the 
stakeholders, the topic should be taught. 
 
Purpose 
The first objective of this study was to investigate the alignment of the Iowa 
manufacturing industry needs with learning objectives taught in manufacturing courses in an 
Industrial Technology-related field of study. Advanced manufacturing courses were classified, 
by the researcher, as any manufacturing course that required an introductory manufacturing 
course as a prerequisite. Misalignment in what is being taught and what industry would like our 
students to know were determined by analyzing survey data from Iowa manufacturing industry 
leaders who commonly hire Industrial Technology graduates from Iowa State University. 
Companies who have hired Industrial Technology (ITech) and Agricultural Systems Technology 
(AST) students in the past were surveyed because they are the clients of the Department of 
Agricultural and Biosystems Engineering at Iowa State University. Employers are the ones 
utilizing the skills taught in the manufacturing courses. To determine who needed to be surveyed, 
a career services representative for the Agriculture and Life Sciences College at Iowa State 
University was consulted. Contact information was then acquired through the help of the 
Industrial Technology advisor at Iowa State University. The goal was to only survey those who 
hire Industrial Technology students from Iowa State University and most of them were Iowa 
manufacturers. These Iowa manufacturing contacts were then surveyed using a Google survey to 
determine what they found to be the most important technical topics for new graduates to know. 
This survey was based off the SME four pillars of manufacturing. The goal of this research was 
to determine a universal set of learning objectives for the specified geographical location which 
was Iowa. The question guiding this research objective was: 
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“What advanced manufacturing technical skills do the  Iowa manufacturing industry value of 
college graduates?” 
After the identification of the Iowa manufacturing industry’s needs, a separation of the 
introduction to manufacturing course and the advanced manufacturing course occurred for 
objective two. Learning objectives for each course were created as the first step in identifying the 
separation between the courses. To determine what learning objectives need to be placed in each 
course, currently taught topics were compared to industry’s needs. If the current learning 
objectives did not play an important role in achieving Iowa manufacturing industry’s needs, they 
were removed and replaced with a learning objective that aligns with Iowa manufacturing 
industry’s needs. Learning objectives were created by considering Iowa manufacturing 
industry’s needs and what is currently being taught in other ATMAE accredited programs. 
Objective two was guided by the following question; 
“What do the learning objectives need to be for an introductory manufacturing lab and 
an advanced manufacturing lab in an Industrial Technology-related program of study?” 
 
Literature Review 
Industrial Technology Background  
Industrial Technology is the study of engineering and manufacturing technologies to help 
make processes more efficient, faster, and simpler (National Center for Education Statistic , n.d.). 
This can be done by implementing Lean processes into the workflow. Tasks can be done faster 
by creating jigs and fixtures to eliminate initial measurements and set up. Industrial technologists 
can also create new tools to help with the safety and ease of manufacturing (Minty, 2003). This 
definition was then broadened by the National Center for Educational Statistics 15.0612 to state 
that Industrial Technology programs prepare students to apply basic principles and technical 
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skills of engineering to support industrial engineers and managers. Industrial Technology 
curriculum includes the study of human factors, industrial planning, industrial processes, 
optimization theory, computer applications, and report and presentation preparation (National 
Center for Education Statistic, n.d.).  
Industrial Technology can be traced back to 1932 when it evolved from the American 
Vocational Association which started in 1926 to industrial education. The name Industrial 
Technology started to be used in the early 1960s (Minty, 2003). Industrial Technology programs 
began to be accredited by the Association of Technology, Management, and Applied 
Engineering (ATMAE) in 1989 when the United States Department of Education granted the 
National Association of Industrial Technology (NAIT) to be the accreditation agency for 
Industrial Technology programs (Minty, 2003).  
When Industrial Technology accreditation started, NAIT defined the Industrial 
Technology field as the study to prepare industrial professionals for management careers in 
business, industry, education, and government (Minty, 2003). This relates to the previous 
definition of Industrial Technology put forth by the National Center of Education Statistic, 
because it prepares students for industry careers which could be to help support industrial 
engineers. The Industrial Technology field rapidly changed throughout the years that it has been 
an active field of study. As Industrial Technology became more popular, the field advanced, and 
it became the study of management, technology, and society (Minty, 2003). Still, its prepared 
graduates for management careers in the fields of business, industry, education, and government, 
but it also broadened to allow for other career opportunities such as manufacturing, engineering, 
and operations. This allows Industrial Technology graduates to obtain a job in various sectors of 
industry (Minty, 2003).  
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Industrial Technology graduates can start careers in many fields such as manufacturing 
industries, engineering firms, hospitals, pharmaceuticals agencies, government agencies, 
construction firms, and many other fields. Job titles include consultant, manufacturing engineer, 
drafter, industrial designer, operations manager, production planner, and many other related job 
titles (Iowa State University, n.d.). It can be seen, through program descriptions and the job title 
list, that an Industrial Technology degree prepares students for a large variety of career 
opportunities. 
 
Association of Technology, Management, and Applied Engineering and National 
Association of Industrial Technology 
The National Association of Industrial Technology (NAIT) was founded by Charles 
Keith in 1965 but was not recognized until 125 representatives voted to become a formal body in 
1967 (Minty, 2003). Charles held the first conference in 1965 with a small group of faculty 
members from various institutions (Minty, 2003). In 1966 NAIT was a professional society for 
Technology faculty and Industrial Technology technicians (Haughery, Mosher, & Freeman, 
2019). In 1973, the National Commission on Accreditation (NCA) approved NAIT to start 
accrediting baccalaureate degrees (Haughery, Mosher, & Freeman, 2019).  
NAIT changed its name in 2009 to ATMAE (ATMAE, n.d.). ATMAE stands for the 
Association of Technology, Management, and Applied Engineering, and promotes professional 
pursuit of complex technical problem solving and educators’ goal to educate competitive 
technologists and engineers for the workforce through an accreditation of programs (ATMAE, 
n.d.). ATMAE accreditation is relevant to two-year and four-year institutions along with 
professional and master’s programs. This association is the leader in developing academic and 
industrial programs for technology, management, and applied engineering.  
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ATMAE has accredited 24 programs related to Industrial Technology across the country. 
These programs are spread out between 19 different institutions (ATMAE, n.d.). The curriculum 
for these 24 programs will be used in the study as a basis for what is taught and what needs to be 
taught in manufacturing courses for Industrial Technology students or those pursuing a similar 
degree. ATMAE accredited programs were chosen for analysis in this research because it is a 
national institution that accredits Industrial Technology programs. 
ATMAE has three main focuses; technology, management, and applied engineering 
(ATMAE, n.d.). The focus area important to this research is technology in the Industrial 
Technology subsection. Industrial Technology is the field of study concerned with basic 
engineering principles and skills to support industrial engineers (ATMAE, n.d.). This definition 
is worded differently than previously stated definitions from the National Center of Education 
Statistics, but it is still similar, because by comprehending basic engineering principles, one can 
make processes more efficient. Additionally, both definitions articulate how Industrial 
Technology prepares students to support industrial engineers (National Center for Education 
Statistic, n.d.). The ATMAE definition aligns with the Industrial Technology definition set forth 
by NAIT because it prepares students for careers in the industry while helping industrial 
engineers (Mint, 2003). 
 
SME 
SME started approximately 90 years ago. It was first recognized as the American Society 
of Tool Engineers (SME, n.d.). In 1969 it became known as the Society of Manufacturing 
Engineers. Since 2013, it has gone by SME (SME, n.d.). This organization works closely with 
many different industries. These include manufacturing professionals, companies, educators, 
schools, and communities (SME, n.d.). SME is the leading voice for the manufacturing industry 
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(SME, n.d.). It has helped advance the industry and helped create more opportunities. They offer 
training courses, trade identifies, and certifications (SME, n.d.). 
SME has four pillars of manufacturing engineering (SME, 2012). The pillars are used to 
describe the breadth of manufacturing engineering (SME, 2012). The SME four pillars were 
developed from accreditation criteria for manufacturing engineering programs and other related 
programs. The four pillars were created by a committee over a three-year time span from 2008 to 
2011. The Manufacturing Education and Research (MER) community was a leader in developing 
the four pillars. SME-MER developed a roadmap for manufacturing technology along with a 
profile of skills needed in the manufacturing industry (SME, 2012). These four pillars are used 
for this research, because they contain all the technical skills that have been important to the 
manufacturing industry in previous years. ATMAE and other organizations also use the SME 
four pillars during the accreditation process (SME, 2012).  
The four pillars can be seen in Figure 2-1. It starts with the four pillars, or main areas of 
focus, at the top. The first pillar is the Materials and Manufacturing Processes. This includes 
topics in Engineering Sciences, Materials, and Manufacturing Processes. This pillar is used to 
assist with describing the behavior and properties of materials throughout manufacturing 
processes (SME, 2012). The next pillar is Product, Tooling, and Assembly Engineering. This 
pillar includes topics in Product Design, Process Design, Equipment Design, and Tool Design 
and is used to catalog the design of the product and what equipment, tools, and environment are 
needed to manufacture the product (SME, 2012). The third pillar is Manufacturing Systems and 
Operations which include topics in Production System Design and Automated Systems and 
Controls. This pillar assists people by describing how to create competitive advantages. This is 
done through planning, control, and strategies (SME, 2012). The final pillar is Manufacturing 
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Competitiveness and includes topics in Quality, Continuous Improvement, and Manufacturing 
Management. This pillar describes how to use statistics, calculus, simulations, and information 
technology to analyze, synthesize, and control manufacturing operations (SME, 2012).  
The four pillars have two foundational sections to hold them together (SME, 2012). 
These foundations are Mathematics and Science and Personal Effectiveness. Mathematics and 
Science include the following topics: physics, chemistry, bioscience, algebra, trigonometry, 
analytic geometry, calculus, probability, and statistics (SME, 2012). Personal Effectiveness 
includes the following topics: interpersonal skills, negotiating, conflict management, innovation, 
creativity, written and oral communication, presentation skills, lifelong learning, and Knowledge 
(SME, 2012). These two major foundations are then held up by 10 fundamental topics. These 
fundamental topics are Engineering Sciences, Materials, Manufacturing Processes, Product 
Design, Process Design, Equipment and Tool Design, Production System Design, Automated 
Systems and Controls, Quality and Continuous Improvement, and Manufacturing Management 




Note: Pillars are bolded and located at the top of the figure. Fundamentals are bolded and located in each box of this figure. The 
sub-topics within each fundamental are located under the bolded fundamental it falls into.  
 
The Four Core Areas and 10 Fundamentals 
Materials and Manufacturing 
Processes 
Product, Tooling, and Assembly 
Engineering 
Manufacturing Systems and 
Operations 
Manufacturing Competitiveness 
Engineering Sciences Product Design Production System Design 
Quality and Continuous 
Improvement 
Statics and Dynamics Simulation and Engineering Design Capacity Planning Customer Focus 
Mechanics of Materials Intellectual Property Protection 
Facility Planning and Plant 
Layout 
Quality Systems and Standards  
Fluid Mechanics Design Management 
Process Planning and 
Development 
Inspection, Test, and Validation  
Thermodynamics and Heat Transfer 
Design for X (Manufacturing, 
Assembly, Maintenance, etc.) 
Transfer 
Infrastructure and Plant 
Location 
Problem Analysis and Solving 
Electronical Circuits and Electronics Market, Sales, and Lifecycle Analysis  
Product and Manufacturing 
System Design 
Factor Analysis 
Materials Concurrent Engineering Process Documentation Capability Analysis 
Metals Thermodynamics and Heat Work Instructions Statistical Control Methods 
Plastics and Polymers Drawing and Engineering Graphics  Tool and Equipment Selection Metrology 
Composites CAD/CAM/CAE 
Production System Build and 
Test 
Reliability Analysis 
Ceramics Tolerance Analysis and GD&T 
Human Factors, Ergonomics, 
and Safety 
Continuous Improvement and Lean 
Fluids Product Reliability Maintenance Systems Customer and Field Service 
Glasses  Environmental Protection   
Nanotechnology  Waste Management   
Foams    Manufacturing Management 
Hybrids Process Design  Strategic Planning 
Natural Materials Process Research and Development  Global Competition 
Manufacturing Processes Simulation and Product Analysis  
 Organizational Design and 
Management 
Material Removal Product Prototype Build and Test  Project Management 
Fabrication Print Reading 
Automated Systems and 
Control 
Personnel Management 
Hot and Cold Forming Rapid Prototyping 
Power Systems (Mechanical, 
Electrical, and Fluid) 
Human Behavior and Leadership 
Casting and Molding 
 Control Systems (Mechanical, 
Electrical, and Fluid) 
Labor Relations 
Electronical and Electronics 
Manufacturing 
 
Packaging Systems Education and Training 
Heat Treatment Equipment and Tool Design 
Automated Systems (Hard and 
Flexible) 
Operations Research and Forecasting 
Joining, Welding, and Assembly Cutting Tool Design 
CNC, PLC, and Computer 
Control 
Supply Chain and Logistics 
Finishing Work Holding Tool Design 
Computer Systems and 
Networks 
Accounting, Finance, and Economics  
Bulk and Continuous Flow Die and Mold Design Information Technology Business and Engineering Ethics  
Material Handling and Packaging Gage Design Database Systems (MIS, etc.) Social Responsibility 





Standards, Law, and Regulations  
Foundation 
Mathematics and Science Personal Effectiveness 
Physics, Chemistry, Bioscience, Algebra, Trigonometry, Analytic Geometry, 
Calculus, Probability, Statistics   
Interpersonal Skills, Negotiating, Conflict Management, Innovation, 
Creativity, Written and Oral Communication, Presentation Skills, 
Lifelong Learning, Knowledge  
Figure 2-1: SME four Pillars Outline (SME, 2012) 
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Manufacturing Learning Objectives 
Learning objectives are short statements that outline what students should learn 
throughout the course and answer the question of why students are doing these activities (The 
Glossary of Education Reform, 2012). They also answer the question; how this will help in the 
future. They are goals that educators establish for each course or assignment (Caffarella & 
Daffron, 2013). These goals may be mini goals to help students reach the main goal of their 
academic careers. This is called learning progressions which is a closely related concept to 
learning objectives. Learning objectives can be difficult to define because each institute uses a 
wide variety of terms to describe them. They can be used for educators to set student 
expectations, and they are more effective when they are communicated to students and the 
reason behind them are explained. Learning objectives are needed to identify the importance of 
each class a student is taking (Great Schools Partnerships, 2014).  
 
Methods 
Data was collected through a quantitative survey to accomplish objective one. This 
survey was sent to manufacturing companies within Iowa who have hired Industrial Technology 
students from Iowa State University in the past. The topic ranking data was analyzed and ranked 
by the importance of each topic to the Iowa manufacturing industry. Objective two focused on 
the results from the objective one by utilizing the survey results to develop learning objectives. 
Additionally, for objective 2, all ATMAE accredited Industrial Technology programs were 
analyzed and compared to identify what is currently being taught in introductory and advanced 
manufacturing courses. Some learning objectives between the introductory and advanced courses 
may overlap. If an overlap in learning objectives between the courses is identified, the learning 
objectives in the advanced manufacturing course will focus on more in-depth and advanced 
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content when compared to the introductory class. This research was reviewed by the Institutional 




 A survey was used to gather data from the Iowa manufacturing industry to determine 
what the Iowa manufacturing industry thought students needed to know before being hired. The 
total survey population was 179. One hundred and seventy-four company contacts who have 
hired Industrial Technology (ITech) and Agricultural Systems Technology (AST) students in the 
past and five other stakeholders of Iowa State University were surveyed because, as they employ 
our graduates, they are the stakeholders of the Department of Agricultural and Biosystems 
Engineering at Iowa State University. As stakeholders, they are the ones utilizing the skills 
students are taught in the manufacturing courses. To determine the companies that fit this survey 
population, a career services representative for the Agriculture and Life Sciences College at Iowa 
State University was consulted. A list of employers who have hired Industrial Technology or 
Agricultural Systems Technology students from Iowa State University was obtained from the 
career services representative for the Agriculture and Life Sciences College at Iowa State 
University. The departmental advising staff emailed the survey to each of the 174 contacts they 
had from this list. The email to each of the companies contained a consent form and a link to 
complete the survey.  
Acceptable participants met three criteria. First, they had to work for a company in the 
Iowa manufacturing industry that hired Industrial Technology graduates from Iowa State 
University. Second, they had to have worked with or supervised these graduates in the past. 
Third, contact information for the company needed to be readily available. The list obtained from 
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the career services representative for the Agriculture and Life Sciences College at Iowa State 
University was narrowed down based on these criteria. The companies that had readily available 
contact information was determined by whether the Industrial Technology advisor had a contact 
at that company. These contacts were previously gathered from industry technology night and 
other networking events. The Google survey was sent to five other Iowa State University 
contacts not on the Industrial Technology advisor’s contact list as well to get on overall survey 
population of 179.  
After receiving an acceptable number (n = 24) of responses, all the identifiable 
information was stripped away, so they could not be identified or placed with how they 
responded. A sample size of 24 acceptable because the average response rate for a web-based 
survey is 13% (Dillman et al, 2009). To obtain a response rate of 13%, this survey needed to 
have 23.27 people respond to it. The survey was sent to 179 people and 29 of them responded to 
the survey creating a 16.2% response rate.  
 
Institution Sample 
To collect data about what is currently being taught in manufacturing courses, all 
ATMAE accredited Industrial Technology curriculums were included in this sample. Data was 
collected from University Catalog from each institution to determine what was being taught. This 
was a sample of 24 programs from 19 institutions across the United States of America. Some 








 Accredited ATMAE Programs (ATMAE, 2019) 
Institution Name Program Name Option Name 








East Carolina University Industrial Technology Bioprocess Manufacturing 
Fort Hays State University Technology Manufacturing Technology 
Iowa State University Industrial Technology Manufacturing 
Jackson State University Industrial Technology Manufacturing Design Technology 
Jacksonville State University Applied Manufacturing Engineering 
 
Design & Automation 
Manufacturing Management 
Millersville University of 
Pennsylvania 
Applied Engineering & Technology 
Management 
Advanced Manufacturing Technology 
Morehead State University 
Engineering Technology Construction Management & Civil 
Engineering Technology 




Ohio Northern University Manufacturing Technology 
Applied Robotics 
Manufacturing Management 
San Jose State University Industrial Technology Manufacturing Systems 
Southern Illinois University 
Carbondale 
Industrial Management and Applied 
Engineering 
Manufacturing 
Southwestern Oklahoma State 
University 
Industrial Technology Manufacturing Technology 
SUNY Buffalo State Industrial Technology Manufacturing 




University of Southern Maine Technology Management Precision Manufacturing 
University of Wisconsin - 
Platteville 
Industrial Technology Management Manufacturing Technology Management 
Western Kentucky University 





A web-based survey was used because a large population was being targeted that is 
spread out across Iowa and its surrounding states. Further, an electronic method allowed them to 
break up the completion of the survey into smaller time frames allowing more time to think 
about the answers. After two weeks, a reminder email was sent asking the contacts who did not 
participate to take the survey.  
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The following scale was used to determine what topics were the most important to 
industry leaders: 0 = Unsure/Unimportant; 1 = Useful; 2 = Important; 3 = Essential. This scale 
was used and verified in the previous survey that the survey was adopted from, so it was 
determined that the survey was acceptable to use for this study. This scale was used to calculate 
an overall score for each topic such as Metals, Fabrication, and others. Each unsure/unimportant 
response received zero points. Each useful response received one point. Each important response 
received two points and each essential response received three points. Each topic had 29 
participant responses, so the overall score had a maximum possible score of 87 points (3 points x 
29 respondents = 87 possible points).  
 
Instrument 
 The survey instrument was adopted from a previous study, Using the Four Pillars of 
Manufacturing Engineering Model to Assess Curricular Content for Accreditation Purposes 
(Pung & Jack, 2014). Adopting this survey was done because the questions in the survey were 
set up to provide the answers needed for this research (Jack et al., 2014). Survey questions were 
adopted from the previous survey as they have been previously tested in Bulmer et. al. (2006) to 
provide the needed responses for this research. Additionally, this survey aligned well with the 
objectives of this research. This survey can also be used to examine program objectives, industry 
needs, and course objectives for this research and future research (Jack et al., 2014). Permission 
was granted by the original authors, Pung and Jack (2014), to use and modify this survey. The 
only change made to the original survey was adding comment sections to get more detailed 
information. The comment sections were added to gain more insight into what learning 




 Not all subtopics are used in this research even though they were all included in the 
survey. Figure 2-2 identifies the subtopics, fundamental topics, and core areas used in this study.  
The topics in Table 2-2 are more related to manufacturing courses than the topics that were 
removed. Topics were removed if they were related to core curriculum or other non-
manufacturing topics. For example, all topics in the Mathematics and Sciences fundamental were 
removed, because they are taught in individual core courses. Mathematics and Science should be 
known before taking manufacturing courses. These topics are taught in their own course, so they 
do not need to be taught in manufacturing courses. Engineering Sciences were also not included 
in the analysis, because they are engineering topics that may or may not be relevant to 
technology students. Additionally, Manufacturing Management and other fundamental topics 
were not analyzed, because they are more related to management than they are to manufacturing 
itself. All topics were included in the survey even though not all topics were analyzed in this 
research, so the data could be used for future research. All areas within the SME four pillars can 
be used in future research to determine what should be taught in a manufacturing related 
program. Additionally, all the data can be used to determine what should be taught in other 










Core Areas, Foundation, and Fundamentals used in Study 
Materials and Manufacturing 
Processes 




Materials Product Design 
Automated Systems and 
Control 
Metals Design Management 
Automated Systems and CNC, 
PLC, and Computer Control 
Plastics and Polymers 
Design for X (Manufacturing, Assembly, 
Maintenance, etc.) Transfer   
Composites Market, Sales, and Lifecycle Analysis    
Ceramics Drawing and Engineering Graphics   
Fluids CAD/CAM/CAE   
Glasses Tolerance Analysis and GD&T 
Manufacturing 
Competitiveness 
Nanotechnology     
Foams     
Hybrids Process Design   
Natural Materials Process Research and Development 
Quality and Continuous 
Improvement 
Manufacturing Processes Simulation and Product Analysis  
Continuous Improvement and 
Lean 
Material Removal Product Prototype Build and Test   
Fabrication Print Reading   
Hot and Cold Forming Rapid Prototyping   
Casting and Molding     
Electronical and Electronics Manufacturing   Foundation 
Heat Treatment Equipment and Tool Design   
Joining, Welding, and Assembly Cutting Tool Design   
Finishing Work Holding Tool Design Personal Effectiveness 
Bulk and Continuous Flow Die and Mold Design Product Design  
Material Handling and Packaging Gage Design Process Improvement 
Hand Tool Use and Machine Operating Machine Design 
Quality and Continuous 
Improvement 
Note: The four pillars are bolded with a solid underline. Fundamentals are bolded and italicized. 
Figure 2-2: SME four Pillars Outline Used in Study 
 
A Google survey was used as the adopted survey was already in this format, it allowed 
ease of modification, and allowed ease of distribution to participants. This surveying method 
allowed for the ease of compiling and reducing the data down into usable and comprehendible 
data sets. Further, the Google tools provided the ability to perform data analysis, so the data can 
be shown visually. The comment sections of the survey, that were added, allowed the industry 
member to provide additional qualitative feedback. The simplicity of the survey was key to the 
participants to completing the survey in 10 to 15 minutes and obtaining the received data. A full 
copy of the survey can be found in Appendix B.  
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All questions in the survey were based on the SME four pillars. All topics from these four 
pillars were included in the survey, but this study only analyzed 41 areas of the SME four pillars 
as seen in Table 2-2. The topics in Table two are the topics included in this the survey 
specifically related to this research. Figure 2-3 identifies one of the questions asked in the survey 




Bulk and Continuous Flow Fluids Nanotechnology 
CAD/CAM/CAE  Foams Natural Materials 
Casting and Molding Gage Design Plastics and Polymers 
Ceramics Glasses Print Reading  
CNC/PLC/Computer Control  
Hand Tool Use and Machine 
Operation  
Process Development and Test 
Composites Heat Treatment  Process Improvement  
Cutting Tool Design Hot and Cold Forming Product Design 
Design for X 
(Mfg/Assy/Maint/etc.) 
Hybrids 
Product Prototype Build and 
Test 
Design Management  Joining, Welding, and Assembly  
Quality and Continuous 
Improvement  
Die/Mold Design Machine Design Rapid Prototyping 
Drawing/Engineering Graphics Market/Sales/Lifecycle Analysis Simulation/Process Analysis 
Electrical and Electronic 
Manufacturing 
Material Handling and 
Packaging 
Tolerance Analysis/GD&T  
Fabrication  Material Removal  Work Holding Tool Design 





Figure 2-3: Materials survey question. 
Curriculum Collection 
The manufacturing curriculum from each institution with an ATMAE accredited 
Industrial Technology program was collected into a single Microsoft Word document. 
Curriculum identification was done by going to the curriculum website for each program and 
determining what courses were considered manufacturing courses. A manufacturing course was 
defined as a course that teaches students about manufacturing or had a laboratory with 
manufacturing machines. After determining what courses were considered manufacturing 
courses, the course description was analyzed to determine what manufacturing topics were 
37 
 
taught in these courses. These topics included all topics from the SME four pillars along with 
manufacturing topics not included in the SME four pillars. The topics being taught were then 
placed into a Microsoft excel sheet for comparison to what was being taught at other institutions.  
 
Data Analyses 
Survey Analysis Methods 
Each response from each respondent and each question from the web-based survey was 
put into a spreadsheet for analysis. The total score for each topic was calculated based off the 
three-point scale described in the survey data collection with an overall maximum score of 87 
possible. The topics were then ranked from highest to lowest based on the overall score. If a 
respondent did not answer a question, the average score of all responses to this question was 
calculated to replace the unanswered question. This method is called mean imputation and has 
been used in other studies (Ghali et. al., 2006). The topics were ranked within each category. For 
example, all Materials were ranked from highest to lowest within the Materials category. Then 
all topics were ranked from highest to lowest as a whole group from the SME four pillars to 
identify what topics were the most important. If more than one topic had the same overall score, 
the frequency of each essential, important, useful, and unimportant/unsure responses were 
examined. If one topic had a higher essential response rate the topic won the tie. If both topics 
had the same essential response rate, the important responses were examined. If topics had the 
same essential response rate, but a different important response rate, the topic with the higher 
important response rate won the tie. If topics had the same essential and important response 
rates, the useful response rate was examined. When topics had the same essential and important 
response rate, but different useful response rate, the topics with the higher useful response rate 
won the tie. If two or more topics had the exact same response frequencies, then they were given 
38 
 
the same ranking. After determining the Iowa manufacturing industry rankings, all topics were 
split into essential, important, and unimportant topics. Responses were added up for each topic 
and were considered essential if they had an overall score of 57 or more out of 87 because this 
resulted in receiving at least 66% of the total possible points. They were important if their 
overall score was between 29 and 56 out of 87 because the technical skill received 33%-66% of 
the total possible points. Technical skills were considered unimportant if they received an overall 
score below 29 out of 87 because the topic received fewer than 33% of the possible points. 
 
Learning Objective Creation 
After splitting technical topics into essential, important, and unimportant according to the 
Iowa manufacturing industry survey, topics were split further to be considered introductory skills 
and advanced skills. Topics that were essential to the manufacturing industry were placed into 
both the introductory and advanced courses. Topics that were important to the manufacturing 
industry were placed into either the introductory or advanced course depending on if  the topic 
was considered an introductory or advanced skill. An introductory topic was defined as a topic 
that could be taught without any prerequisites. This means that the topic could be learned without 
learning any other topic first. An advanced topic is a topic that needs a prerequisite topic to be 
learned before learning it. This means that the advanced topic is not the first topic in a series of 
learning.  
After topics were placed into the introductory and/or the advanced course list, they were 
created into learning objectives. These learning objectives were created by using Blooms 
Taxonomy that was modified by Anderson and Krathwohl’s (2001). Blooms Taxonomy has six 
levels of thinking skills. The lowest level of thinking skills is “remember”. The next level is 
“understand” followed by “apply”. The fourth level is “analyze” followed by “evaluate”. The 
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highest level of thinking skills is to “create”. The remember level is made up of two 
subcategories which are “recognize” and “recall”. The understand level is made up of 
“interpret”, “exemplify”, “classify”, “summarize”, “infer”, “compare”, and “explain”. The apply 
level is made up of “executing” and “implementing” while analyze is made up of “differentiate”, 
“organize”, and “attribute”. The evaluate level is made up of “checking” and “critiquing”, and 
the create level is made up of “generate”, “produce”, and “plan” (Anderson & Krathwohl’s, 
2001).  
The topics that were essential to the Iowa manufacturing industry were placed in a higher 
level of thinking skills, because they are more important to the stakeholders. The essential topics 
that were placed in the introductory courses are topics that students need to be able to understand 
or apply by the end of this course. These are on the lower end of the thinking scale, but they will 
be learned in more depth in the advanced courses. These topics are then expanded upon in the 
advanced courses, and students should be able to evaluate or create these topics by the end of the 
advanced course.  
Topics that were important to the Iowa manufacturing industry were placed in a lower 
level of the thinking scale, because they are not as important to the manufacturing industry. 
Topics taught in both the introductory and advanced courses were placed in the understand level 
of the thinking scale. This allows students to interpret the topics taught while also being able to 
explain each topic and compare them to each other. Topics that were deemed unimportant by the 
manufacturing industry were not included in the learning objectives, because they were not 






Curriculum Analysis Methods 
 The data from what was currently being taught in ATMAE accredited programs was 
compared to the Iowa manufacturing industry’s needs survey results. If something was being 
taught but was not listed as essential or important according to the Iowa manufacturing 
industry’s needs survey, a learning objective was created to fulfill the needs of current teachings. 
Topics that were taught at 50% or more of the institutions were placed in the same categories as 
the topics that were important to the manufacturing industry. If any of these topics were the same 
as one of the essential topics to the manufacturing industry, then the learning objective was left 
alone, because it had already been created into a learning objective.  
 
Results and Discussion 
The total industry’s needs survey population was 179 (N), and the survey had a response 
rate of 16.2% (n = 29). The first set of data analyzed was the demographics of the survey 
participants. The results displayed in Figure 2-4 identify that 51.7% of respondents work in a 
professional-management role at their company. Out of the people surveyed, 41.4% work in the 
professional-technical field at their place of work, and the remaining 6.9% have a professional-




Figure 2-4: Demographics of Respondents  
 
 
 Companies that participated are listed in alphabetical order in Table 2-3. Some 
companies had more than one person respond to the survey, and some respondents did not share 
their company information with the survey. The companies that respondents worked at can be 





























Micro-Trak Systems 1 
 
CIRAS 3  Miracle Tools America, LLC. 2  
Global Fabrication 1  Osmundson Manufacturing 1  
Grain Millers 1  Palmer Group 1  
HNI Corporation 1  Seneca Foundry 1  
Husco 1  SICK Inc. 1  
Hydro 1  Technical Services, Inc. 1  
Iowa State University 1  TruAcre Technology 1  
Kent Corporation 1  TruStile Doors 1  
   Vermeer Corporation 1  
      
 The respondent’s backgrounds and job titles varied. The job titles of the respondents are 
listed in alphabetical order in Table 2-4. Not all respondents shared their job title for the survey. 
Twenty-one respondents shared their job title while eight of them did not. 
Table 2-4 
Survey participants had these job titles 
Job titles 
Applications Engineer Plant Manager Safety Manager 
Chairman Plant Manager  Sr. Industrial Engineer 
Director of Milling President Structural Draftsman 





Factory Automation Account 
Manager 
Program Coordinator III 
Talent Acquisition 
Manager  
HR Generalist Program Manager 
Talent Acquisition 
Specialist 
Manufacturing Engineer  Project Manager 
Talent Acquisition 
Specialist  
Operations Manager Receiving/Maintenance Manager  TAP Director 





Table 2-5 shows the percentage of manufacturing sectors represented in this survey. The 
survey sample is then compared to the Iowa manufacturing industry according to the CIRAS 
study done in 2016. Table 2-5 shows that the sample population is not a good representative of 























































The next set of data from the Iowa industry’s needs survey was used to determine the 
importance of Materials in the eyes of the Iowa manufacturing industry. Figure 2-5 uses the 
frequency of each ranking for each material. No respondents ranked Glasses or Foams as 
essential for new employees. No participants rated Metals as unimportant, and Metals have the 
most essential responses with 12 out of 29. The overall score for each category was used to rank 
the importance of each material. The data identifies that Metals are the most important material 
graduates need to know about before being hired according to the Iowa manufacturing industry. 
This is because Metals had the highest essential response rate with 12 out of 29 and had a 
minimum of one out of three for importance. Metals also had a 12 out of 29 response rate in the 
important section. The overall score for Metals was 65 out of 87. Plastics and Polymers come in 
at the second most important with nine out of 29 respondents ranking it as essential and 11 out of 
29 ranking it as important. Plastics and Polymers had an overall score of 56 out of 87.  
Knowing how to fabricate Nanotechnology which had an overall score of 24 was ranked 
the lowest among survey participants. Only one respondent out of 29 ranked Nanotechnology as 
essential and five out of 29 ranked it as important. The second least important material according 
to the survey respondents were Glasses with an overall score of 26 and no essential responses. 
Glasses had six out of 29 respondents rank it as important and 14 ranking it as useful. Hybrids 
also had an overall score of 26, but one respondent out of 29 ranked it as essential and five out of 





































Knowing what materials the Iowa manufacturing industry finds important is crucial when 
setting learning objectives for manufacturing courses at a post-secondary level. The data found 
that manufacturing courses should consider teaching students about Metals, plastics, and 
polymers as these were all ranked high by the survey participants. The data also identifies that 
the Iowa manufacturing industry does not find nanotechnologies, Glasses, Hybrids, nor Foams 
important indicated by their relatively low overall score compared to other materials examined. 
This should be taken into consideration when setting learning objectives and should probably not 
be taught in Industrial Technology manufacturing courses since they are not important to the 
manufacturing industry. 
According to the collected data, knowing Metals were the most important material to 
know by nine points. This means that they are a high priority to the Iowa manufacturing industry, 
and they should be considered when making learning objectives. Teaching Metals manufacturing 
is important in Industrial Technology manufacturing courses if alignment with industry’s needs 
is important to the instructor or the curriculum. Polymers were the second most important being 
nine points ahead of the next most important material, Composites. This means that Plastics and 
Polymers should be taught in Industrial Technology manufacturing courses to align with the 
Iowa manufacturing industry’s need.  
 
Manufacturing processes 
Manufacturing Processes were the next technical topics analyzed from the Iowa 
manufacturing industry’s need survey. Figure 2-6 identifies the frequency and distribution of 
responses for each manufacturing process from the 29 respondents. One respondent did not 
answer the Finishing question, so the average score was calculated. The average score was 1.82, 
and this number replaced the blank answer. This number is not shown in the frequency table but 
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is included in the overall score for Finishing. Every manufacturing process had at least one 
essential response. No one ranked Fabrication, joining/welding/assembly, or hand tool 
use/machine operation as unimportant. The findings identify that Fabrication is the most 
important manufacturing process graduates need to know before being hired according to the 
Iowa manufacturing industry. This is because Fabrication had the highest essential response rate 
with 13 out of 29 resulting in the highest overall score. Fabrication also had an 11 out of 29 
response rate in the important section. The overall score for Fabrication was 66 out of 87. Hand 
Tool Use and Machine Operation was the second most important with 12 out of 29 respondents 
ranking it as essential and 12 out of 29 ranking it as important. Hand Tool Use and Machine 
Operation had an overall score of 65 out of 87.  
Hot and Cold Forming was ranked the least important by the survey respondents with an 
overall score of 42. Only three respondents out of 29 ranked Hot and Cold Forming as essential. 
The second least important manufacturing process according to the survey was Heat Treatment. 
Heat Treatment had an overall score of 49 with six essential responses and had 10 out of 29 
respondents rank it as important and 11 out of 29 ranking it as useful. Processes were Bulk and 
Continuous Flow, electrical and electronics manufacturing, and Casting and Molding had the 
same overall score of 52. They all had seven out of 29 respondents rank them as essential 
Manufacturing Processes. The important responses were then considered to identify which one 
was more important than the other two. Casting and Molding had 13 out of 29 respondents rank 
it as important, so it ranked sixth most important out of the Manufacturing Processes. Electrical 
and electronics manufacturing had 12 out of 29 respondents answer important making it the 
seventh most important manufacturing process and the eighth most important manufacturing 













































The data identified that all 11 Manufacturing Processes examined in this study were at 
least useful to know according to the Iowa manufacturing industry since the lowest overall score 
received was 42 out of 87. Fabrication was the most important manufacturing process according 
to the Iowa manufacturing industry while Hot and Cold Forming was the least important.  
The data indicates that all 11 manufacturing process topics should be at least introduced 
in post-secondary manufacturing courses since the Iowa manufacturing industry finds them all at 
least useful. Manufacturing Processes deemed essential by the Iowa manufacturing industry 
should be considered when determining course content for a post-secondary manufacturing 
course. These topics are Fabrication, joining, welding, assembly, material handling, packaging, 
hand tool use, and machine operation. This means Fabrication, joining/welding/assembly, 
material handling, packaging, and Hand Tool Use and Machine Operations should all be taught 
in introductory manufacturing courses and then strengthened upon in advanced manufacturing 
courses. The other topics should all be introduced in either the introductory or advanced course, 
but not in both.  
 
Product Design  
Product Design processes were the next technical topics analyzed from the Iowa 
manufacturing industry’s needs survey. Figure 2-7 identifies the frequency and distribution of 
responses for each Product Design process from the 29 respondents. There was one respondent 
that did not answer every question. Every Product Design process had at least one essential 
response. No one ranked CAD/CAM/CAE or designing for X concerning manufacturing, 
assembly, and maintenance were unimportant. The findings identify that CAD/CAM/CAE is the 
most important Product Design process graduates need to know before being hired according to 
the Iowa manufacturing industry. This because CAD/CAM/CAE had the highest essential 
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response rate with 12 out of 29 and had a minimum of one out of three for importance resulting 
in the highest overall score of 66 out of 87. CAD/CAM/CAE also had a 13 out of 29 response 
rate in the important section. Drawing/engineering graphics comes in at the second most 
important with 12 out of 29 respondents ranking it as essential and 12 out of 29 ranking it as 
important. Drawing/engineering graphics had an overall score of 64 out of 87. 
The least important Product Design process needed to know is marketing/sales/and 
lifetime analysis which had an overall score of 45. Only five respondents out of 29 ranked  
marketing/sales/and lifetime analysis as essential and seven out of 29 ranked it as important. The 
second least important Product Design process according to the survey was Design Management. 
Design Management had an overall score of 56 with eight essential responses and had 13 out of 











































All six Product Design technical skills examined in this study were important to the Iowa 
manufacturing industry according to the survey responses, because market, sales, and life cycle 
analysis had the lowest overall score of 45 out of a possible 87 points. CAD/CAM/CAE, 
Drawing and Engineering Graphics, and designing for X were essential technical skills needed 
from the Iowa manufacturing industry as shown by an overall score above 60 out of 87. This 
means that they need to be introduced in an introductory manufacturing course and then the 
knowledge and skill needs to be strengthened in the advanced manufacturing course.  
Market, Sales, and Lifecycle Analysis was the least important Product Design skill with a 
score of 45 out of 87. This is still classified as an important skill to the manufacturing industry. 
This means that Market, Sales, and Lifecycle Analysis should be introduced in either the 
advanced or introductory course but should not be taught in both courses. Tolerance Analysis % 
GD&T and Design Management were also important topics to the manufacturing industry. This 
means that they need to be introduced in either the introductory or advanced course but should 
not be taught in both courses. 
 
Process Design 
Process Design were the next technical topics analyzed from the Iowa manufacturing 
industry’s needs survey. Figure 2-8 identifies the frequency and distribution of responses for 
each Process Design process ranking of the 29 respondents. Every Process Design element had at 
least one essential and one unimportant/unsure response. The findings identify that Print 
Reading is the most important Process Design element graduates need to know before being 
hired according to the Iowa manufacturing industry. This is because Print Reading had an 
essential response rate of nine out of 29 resulting in having the highest overall score of 61 out of 
87. Print Reading also had a 15 out of 29 response rate in the important section. Process 
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development and test comes in at the second most important with 12 out of 29 respondents 
ranking it as essential and eight out of 29 ranking it as important. Process development and test 
had an overall score of 59 out of 87. The least important Process Design process is Rapid 
Prototyping with an overall score of 47 out of a possible 87. Rapid Prototyping only had five 
respondents rank that it was an essential technical skill to know before being hired at their 
company. 
All five Process Design technical skills examined in this study were important to the 
Iowa manufacturing industry according to the survey responses as the lowest overall score was 
47 out of a possible 87 points. Print Reading was an essential technical skill needed by the Iowa 
manufacturing industry. This can be concluded from the overall score above 60 out of 87. This 
means that Print Reading needs to be introduced in the introductory course and then expanded 
upon in an advanced manufacturing course. Process development and test are considered 
essential topics from their overall score above 57 and should be considered when determining 
course content for a post-secondary manufacturing course. Since process development and test is 
essential, it should also be introduced to students in an introductory course and then strengthened 
upon in an advanced course along with Print Reading. Product Prototype Build and Test, 
simulation and process analysis, and Rapid Prototyping should be introduced to students as they 
were deemed important. They should be taught in one of the courses, but not repeated or 








































Equipment and Tool Design 
Equipment and Tool Design were the next technical topics analyzed from the Iowa 
manufacturing industry’s needs survey. Figure 2-9 identifies the distribution of responses from 
the 29 respondents. Every machine and Tool Design element had at least one essential and one 
unimportant/unsure response. The findings identify that Machine Design is the most important 
machine and Tool Design element graduates need to know before being hired according to the 
Iowa manufacturing industry. This is because Machine Design had an essential response rate of 
six out of 29 resulting in an overall score of 50 out of 87. Machine Design also had a 10 out of 
29 response rate in the important section. Work holing Tool Design comes in at the second most 
important with five out of 29 respondents ranking it as essential and 13 out of 29 ranking it as 
important. Work holing Tool Design also had an overall score of 50 out of 87 but had fewer 
respondents rank it as essential. The least important machine and Tool Design element is Die and 
Mold Design with an overall score of 35 out of a possible 87. Die and Mold Design only had one 


















































Equipment and Tool Design technical skills were not as essential as other categories of 
skills examined in this study according to the Iowa manufacturing industry. This is because the 
overall scores range from 35 - 50 out of 87 while other categories have scored in the high 50s 
and 60s. Gage Design was the least important technical skill according to the Iowa 
manufacturing industry in the machine and Tool Design category with an overall score of 35 out 
of 87. Machine Design and work holding Tool Design were the two most important technical 
skills in this category with an overall score of 50 out of 87. All machine and Tool Design skills 
were deemed as important since their overall scores lie between 29 - 56 points out of 87. This 
means that they should be considered when determining course content for a post-secondary 
manufacturing course, but do not need to be covered in great depth. These topics should be 
taught and assessed to a level that allows students who successfully complete the course to be 
able to interpret, exemplify, classify, summarize, infer, compare, or explain after they are 
finished with the course. 
 
Additional Manufacturing Elements 
The additional manufacturing elements are from the manufacturing systems and operation 
foundation, Manufacturing Competitiveness foundation, and the Personal Effectiveness 
foundation of the SME four pillars. Additional manufacturing elements were the next technical 
skills analyzed from the Iowa manufacturing industry’s needs survey as seen in Figure 2-10. 
Every additional manufacturing element had at least one essential response. The only one that 
had an unimportant/unsure response was Product Design. The findings identify that Quality and 
Continuous Improvement is the most important additional manufacturing element graduates need 
to know before being hired according to the Iowa manufacturing industry. This is because 
Quality and Continuous Improvement had an essential response rate of 14 out of 29 resulting in 
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an overall score of 69 out of 87. Quality and Continuous Improvement also had a 12 out of 29 
response rate in the important section. Process Improvement comes in at the second most 
important with 13 out of 29 respondents ranking it as essential and 14 out of 29 ranking it as 
important. Process Improvement also had an overall score of 69 out of 87 but had one fewer 
essential response. CNC/PLC/Computer Control is the third most important with 10 out of 29 
ranking it as essential and 14 out of 29 ranking it as important. The overall score for 
CNC/PLC/Computer Control is 63 out of 87. The least important additional manufacturing 
element is Product Design with an overall score of 58 out of a possible 87. Product Design had 
11 out of 29 respondents rank that it was an essential technical skill to know before being hired 
at their company and had an overall score of 58 out of a possible 87. 
The additional manufacturing elements are from the manufacturing systems and 
operation foundation, Manufacturing Competitiveness foundation, and the Personal 
Effectiveness foundation of the SME four pillars. There were four additional manufacturing 
technical skills examined in this study: CNC/PLC/Computer Controls, Quality and Continuous 
Improvement, Product Design, and Process Improvement. This study identifies that all four of 
these technical skills are highly important or essential to the Iowa manufacturing industry due to 
having the lowest overall score, for Product Design of 58 out of 87. Quality and Continuous 
Improvement had an overall score of 69 out of 87 while both CNC/PLC/Computer Control and 
Process Improvement had overall scores of 63 out of 87. Quality and Continuous Improvement, 
CNC/PLC/Computer Control, and Process Improvement were deemed essential and should be 
considered when determining course content for a post-secondary manufacturing course. This 
means that they should be introduced the introductory course and then expanded upon in the 























































A list was compiled of the overall ratings of the 41 materials and technical skills 
examined in this study. When there was a tie in the overall score, the frequencies of essential, 
important, useful, and unsure/unimportant were examined to break the tie in most cases. Metals 
and Hand Tool Use and Machine Operation had the same overall score and same frequency 
values, so they were both given the same ranking (see Table 2-6). A list was compiled of the 
overall ratings of the 41 materials and technical skills examined in this study. When there was a 
tie in overall score, the frequencies of essential, important, useful, and unsure/unimportant were 
examined to break the tie. There were two elements that had the same overall score and same 
frequency values, so they were both given the same ranking (see Table 2-6). Table 2-6 displays 






A list was compiled of the overall ratings of the 41 technical topics examined in this 
study. When there was a tie in the overall score, the frequencies of essential, important, useful, 
and unsure/unimportant were examined to break the tie in most cases. Metals and Hand Tool 
Use and Machine Operation had the same overall score and same frequency values, so they were 
both given the same ranking (see Table 2-6). Table 2-6 displays what technical skills are most 
Table 2-6 
Order of importance based off overall scores and percentages (overall score and percentages are shown in parentheses)  
Essential Important Unimportant 
1. Quality and Continuous  
     Improvement (69= 79.3%) 
14.  Product Prototype Build and Test  
       (56=64.4%) 
37.  Foams (27=31.0%) 
2.  Process Improvement   
     (69=79.3%%) 
15.  Tolerance Analysis/GD&T (56=64.4%) 38.  Hybrids (26=29.9%) 
3.  Fabrication (66=75.9%) 16.  Plastics and Polymers (56=64.4%) 39.  Glasses (26=29.9%) 
4.  CAD/CAM/CAE (66=75.9%) 17.  Material Removal (56=64.4%) 
40.  Nanotechnology  
       (24=27.6%) 
5.  Metals (65=74.7%) 18.  Design Management (56=64.4%)  
5.  Hand Tool Use and Machine  
     Operation (65=74.7%) 
19.  Simulation/Process Analysis  
       (56=64.4%)  
6.  Drawing/Engineering Graphics  
     (64=73.6%) 
20.   Finishing (51=60.7%)  
 
7.  CNC/PLC/Computer Control  
     (63=72.4%) 
21.   Casting and Molding (52=59.8%)  
 
8.  Joining, Welding, and Assembly  
    (63=72.4%) 
22.   Electrical and Electronic Manufacturing  
       (52=59.8%)  
9. Design for X (Mfg/Assy/Maint  
    /etc.) (61=70.1%) 
23.   Bulk and Continuous Flow (51=58.6%) 
 
10.  Print Reading (61=70.1%) 24.  Machine Design (50=57.5%)  
11.  Process Development and Test  
       (59=67.8%) 
25.  Work Holding Tool Design (50=57.5%) 
 
12.  Product Design (58=66.7%) 26.  Heat Treatment (49=56.3%) 
 
13.  Material Handling and  
       Packaging (57=65.5%) 
27.  Rapid Prototyping (47=54.0%) 
 
 28.  Composites (47=54.0%)  
 29.  Fluids (46=52.9%)  
 
30.  Market/Sales/Lifecycle Analysis  
       (45=51.7%)  
 31.  Hot and Cold Forming (42=48.3%)  
 32.  Gage Design (41=47.1%)  
 33.  Cutting Tool Design (40=46.0%)  
 34.  Natural Materials (37=42.5%)  
 35.  Die/Mold Design (35=40.2%)  
  36.  Ceramics (31=35.6%)   
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important to the Iowa manufacturing industry and what ones are unimportant. This table can be 
used to assist in assessing the importance of learning objectives for manufacturing courses 
during curriculum development exercises.  
Table 2-6 can be considered when setting learning objectives for post-secondary 
manufacturing courses. What the Iowa manufacturing industry finds most important should be 
taught in-depth in manufacturing courses. If a topic is not important to industry, then the topic 
should be considered to not take up time in manufacturing courses since the time could be better 
spent learning a technical skill important to the Iowa manufacturing industry. One should 
consider introducing or covering the topics that the Iowa manufacturing industry finds important 
in these manufacturing courses. 
When setting the learning objectives of introductory and advanced manufacturing course 
in Industrial Technology-related programs of study, the second piece of data to examine at are 
the technical skills the Iowa manufacturing industry finds essential. Table 2-7 identifies the 14 
essential technical skills needed from the Iowa manufacturing industry while Table 2-8 identifies 
the 23 technical skills that were important to the Iowa manufacturing industry. These are not 
listed in order of importance, because they are all important or essential topics, so the order does 
not matter the order of importance. This means that the topics in Table 2-7 all need to be 
introduced in introductory courses and then expanded upon in advanced manufacturing courses. 








Essential technical skills for the Iowa manufacturing industry  
Technical Topics 
Quality and Continuous Improvement CNC/PLC/Computer Control 
Process Improvement Joining, Welding, and Assembly 
Fabrication Design for X (Mfg/Assy/Maint/etc.) 
CAD/CAM/CAE Print Reading 
Metals Process Development and Test 
Hand Tool Use and Machine Operation Product Design 
Drawing/Engineering Graphics Material Handling and Packaging 
 
Table 2-8  
Important technical skills for the Iowa manufacturing industry   
Technical Topics  
Product Prototype Build and Test  Heat Treatment  Finishing 
Tolerance Analysis/GD&T Rapid Prototyping Machine Design 
Plastics and Polymers Composites  Work Holding Tool Design  
Material Removal Fluids  Die/Mold Design 
Design Management  Market/Sales/Lifecycle Analysis Ceramics  
Simulation/Process Analysis Hot and Cold Forming Natural Materials 
Casting and Molding Gage Design Bulk and Continuous Flow 
Electrical and Electronic 
Manufacturing 
Cutting Tool Design 
 
   
The survey participants were a non-random sample, making the results nongeneralizable 
to the entire population. The population for this study was manufacturing industries that have 
hired Industrial Technology students in the past. The data was obtained by asking Iowa 
manufacturing industry members to respond to a short online survey instrument. Twenty-nine 
people participated in this survey, with most of the respondents answering every question. 
Technical skills were considered essential if they had an overall score of 57 or more out of 87 
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because this resulted in receiving at least 66% of the total possible points. They were important 
if their overall score was between 29 and 56 out of 87 because the technical skill received 33%-
66% of the total possible points. Technical skills were considered unimportant if they received 
an overall score below 29 out of 87 because the topic received fewer than 33% of the possible 
points.  
A limitation of this research is how the data was collected. All the data was collected by 
individuals who hire Industrial Technology students from Iowa State University. Companies that 
hire students from other institutes may have ranked these technical skills differently resulting in 
different technical skills being essential or unimportant. The data from this research is beneficial 
to the Industrial Technology and Agricultural Systems Technology programs at Iowa State 
University. This research is also beneficial to other Industrial Technology programs within Iowa 
since all the companies are Iowa manufacturers. The methodology used in this research can be 
used in other locations to determine what the Iowa manufacturing industry needs are for different 
regions or even as a world. Another limitation is that these results are only temporary. The Iowa 
manufacturing industry is a rapidly growing industry that comes up with new advancements 
every year. This means that this research needs to be repeated frequently to keep up with the 
rapidly changing industry. 
 
Learning Objectives 
Figure 2-11 identifies the manufacturing courses taught at all institutions with an 
ATMAE accredited Industrial Technology program and how many institutions teach each 
course. Figure 2-11 displays the topic taught most frequently at ATMAE accredited institutes is 
Fabrication which is a manufacturing process, and it is taught at 13 out of 19 ATMAE accredited 
institutions. Life cycle of machines is the next most frequently taught topic being taught at 12 out 
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of the 19 institutions. This is determining how long of a life span a machine should have under 
different sets of criteria. The next most taught topics are plastics manufacturing and Material 
Removal which are taught at 10 of the 19 ATMAE accredited institutions. The plastics course 
focuses on how different Plastics and Polymers form or can be used in the industry. Additionally, 
students are taught about the different properties of these materials and what products they are 
currently used for.  
Computer-aided manufacturing (CAM) and computer integrated manufacturing (CIM) 
along with automation systems are taught the next most frequently. CAM and CIM are how 
computer-controlled machinery and software help the manufacturing process become more 
automated and could include how to provide a program to cut the toolpath. CAM and CIM are  
taught at eight out of the 19 institutions.  
 
Figure 2-11: Bar chart of topics taught at all ATMAE accredited programs  
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The technical skills currently being taught at the time of this study in the above ATMAE 
accredited programs were split up based on what was taught in the introductory courses and what 
was taught in the advanced course. An introductory course was defined as a course that did not 
need a manufacturing prerequisite before taking it. An advanced course was defined as a course 
that required a different manufacturing course as a prerequisite before taking the course. The 
topics taught in introductory and advanced courses within ATMAE accredited programs can be 
seen in Figure 2-12 and Figure 2-13. 
Figure 2-12 identifies what topics are taught in introductory manufacturing courses in 
ATMAE accredited programs. Fabrication is the most frequently taught topic with 12 institutions 
teaching it. Metals manufacturing is the second most taught subject with nine institutes teaching 
it. Joining and welding are taught in the introductory course at eight institutions. Plastics 
manufacturing and forming and casting are taught at seven institutions. Material Removal is a 




Figure 2-12: Bar chart of topics taught in all introductory manufacturing courses at ATMAE 
accredited programs 
 
Figure 2-13 identifies what topics are taught in advanced manufacturing courses in 
ATMAE accredited programs. CAM/CIM is the most frequently taught topic with nine institutes 
teaching it. Fabrication is the second most taught subject with eight institutes teaching it. CNC is 
taught in the advanced course at seven institutions. Lifecycle Analysis, Material Removal, 
forming and casting, tooling, and Metals manufacturing are taught at six institutions. Safety and 
plastics manufacturing are taught at five institutions. All other course topics are taught at four or 
fewer institutions. The course topics taught in both introductory and advanced courses will be 




















Figure 2-13: Bar chart of topics taught in advanced manufacturing courses 
The following learning objectives were set based on the Iowa manufacturing industry’s 
needs survey results and what is currently being taught at all ATMAE accredited institutions. 
Bloom’s Taxonomy was used to create the verbiage of the learning objectives after topics were 
separated into introductory and advanced course objectives. Figure 2-14 shows what students 
should be able to demonstrate and comprehend after successfully completing an introductory 




























• Exemplify operation of 
machines and hand tools 
 
• Execute Fabrication of Metals 
 
• Interpret engineering graphics 
and drawing  
 
• Exemplify join, weld, and 
assemble Metals  
 
• Execute handling materials and 
pack products 
 




• Implement Process 
Improvement  
• Classify plastics, polymers, 
Composites, Fluids, Natural 
Materials, and Ceramics 
 
• Summarize Heat Treatment 
 
• Explain Rapid Prototyping 
 
• Explain Hot and Cold Forming 
 
• Exemplify forming and casting of 
Metals, plastics, and polymers  
 
• Summarize electrical and 
electronics manufacturing 
 
• Explain Bulk and Continuous 
Flow 
 
• Interpret part finish 




• Produce Fabrication of Metals 
 
• Generate CAM programs and 
run CNC mills and lathes 
 
• Generate parts from reading 
engineering graphics and 
drawing  
 
• Generate CAD parts 
 
• Produce and test processes for 
Fabrication 
 
• Check Quality and Continuous 
Improvement verification 
 
• Plan Process Improvement  
• Exemplify product prototypes and 
test function ability 
 
• Exemplify parts to specification 
following GD&T 
 
• Explain calculations for machine 
life cycle 
 
• Exemplify control of automated 
systems 
 
• Classify tooling for most efficient 
Material Removal 
 
• Explain Design Management 
 
• Explain simulation and process 
analysis 
 
• Summarize machine, work 
holding tool, gage, cutting tool, 
and Die and Mold Design  
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Figure 2-14: Learning objectives for manufacturing courses 
The first set of seven learning objectives in an introductory and advanced manufacturing 
course needs to be taught in-depth because they are essential technical skills for the Iowa 
manufacturing industry. Students should be able to perform each of these objectives seen in 
Figure 2-4 in an efficient and effective manner. The set of eight objectives for both advanced and 
introductory courses seen in Figure 2-4 need to be covered, but these topics should not be the 
focus of the course. These objectives are important to the Iowa manufacturing industry, but they 
are not essential for graduates to know before being hired. The focus of these eight topics should 
be as an introduction to them.  
Many of the technical skills that the Iowa manufacturing industry found important for 
graduates to know were like what is already being taught in ATMAE accredited programs. The 
Iowa manufacturing industry finds CAM/CAD/CAE important; it is already one of the most 
frequently taught topics in advanced manufacturing courses. The Iowa manufacturing industry 
also finds lifecycle analysis important and it is already one of the most frequently taught topics in 
ATMAE accredited programs. Other industry needs that align with what is already being taught 
include Fabrication, Material Removal, plastics, Metals, automation, CNC, tooling, and Machine 
Design. 
ATMAE accredited programs find shop safety as an important skill to know. Safety was 
not part of the administered survey, so this study did not examine the safety aspect. This was not 
part of the survey, because safety is not part of the SME four pillars and the survey was based off 
the SME four pillars. This is something that should be examined in future research. This gap in 
knowledge leads to the question, is safety an important topic to teach in manufacturing courses at 
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a post-secondary level. Another question, how much does the Iowa manufacturing industry value 
safety knowledge from graduates. 
ATMAE accredited programs also teach additive manufacturing. Additive manufacturing 
was not examined in this study, so it is yet to be determined if the Iowa manufacturing industry 
finds additive manufacturing knowledge important. Additive manufacturing was not included in 
the survey, because it is not part of the SME four pillars. Additive manufacturing became more 
popular after the SME four pillars was created. Future research can examine if additive 
manufacturing is important to the Iowa manufacturing industry and determine if it needs to be 
taught at a post-secondary level. 
Results identify that the Iowa manufacturing industry finds Quality and Continuous 
Improvement along with Process Improvement essential in graduates. Further, results indicate 
that these topics are not currently being introduced in manufacturing courses. This could be 
because the ATMAE accredited programs have separate courses for quality, Continuous 
Improvement, and Process Improvement. This could be examined in further research with a 
research question of how Quality and Continuous Improvement play a role in manufacturing. 
Another question of further work could be to identify Quality and Continuous Improvement be 
tied into manufacturing courses at a post-secondary level. 
 
Conclusion 
The research questions of this study were as follows; 
1. What advanced manufacturing technical skills does the Iowa manufacturing industry 
value of college graduates? 
2. What do the learning objectives need to be for an introductory manufacturing lab and an 
advanced manufacturing lab in an Industrial Technology-related program of study? 
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An industry needs survey and a survey of ATMAE accredited manufacturing programs 
was used to determine essential and important learning objectives to be taught in into and 
advanced courses. In conclusion, based on the opinions of industry participants, there are 14 
essential technical skills the Iowa manufacturing industry wants graduates to know before being 
hired as seen in Table 2-6. There were 23 important technical skills according to the Iowa 
manufacturing industry as seen in Table 2-7. There were also four unimportant technical skills 
and materials needed to know by the Iowa manufacturing industry before being hired, and they 
are as follows: Foams, Hybrids, Glasses, and Nanotechnology.  
The learning objectives were determined by examining what is currently being taught in 
ATMAE accredited manufacturing programs and what the Iowa manufacturing industry finds 
important for new graduates. The two sets of data were then compared to determine if new 
learning objectives needed to be made. A list of learning objectives was then compiled and then 
split into advanced topics and introductory topics.  
Technical skills that the Iowa manufacturing industry finds essential for new employees 
were split into introductory and advanced topics. This was done, by determining what 
foundational skills needed to be acquired before more advanced skills were learned. For 
example, a student needs to know how to write g-code before they can program a machine. In 
this example writing G-code is the introductory skill and programming a machine is a more 
advanced skill. This process was done, by comparing what technical skills are currently being 
taught in introductory manufacturing courses and advanced manufacturing courses and what 
skills Iowa manufacturing industry leaders’ value. 
An introductory technical skill was defined as a skill that can be learned without learning 
pre-requisite skills. Introductory skills are skills that do not have to be learned in chronological 
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order. Advanced technical skills are a skills that can only be learned after a different skill is 
mastered. This is the second or further skill learned in a chronological series. What ATMAE 
accredited institutions teach in their introductory and advanced course with being considered 
when splitting skills into advanced and introductory skills. There are seven essential learning 
objectives for both advanced and introductory manufacturing courses as seen in Figure 2-4. 
There are an additional eight learning objectives, as seen in Figure 2-4, for each course that are 
important to learn but are not essential to the Iowa manufacturing industry. 
It is recommended that these learning objectives are considered or implemented in all 
Industrial Technology programs in the state of Iowa. The methods used in this research can be 
used to find out what the Iowa manufacturing industry finds most important in other states or 
countries. These methods can also be used to set learning objectives for other institutions or even 
other programs. Repetition of this study every few years is recommended to adjust the learning 
objective to the changing Iowa manufacturing industry needs since manufacturing is a rapidly 
growing field. A final recommendation is to research how important additive manufacturing is to 
the Iowa manufacturing industry because it is taught at post-secondary institutions, but it is not 
analyzed in this research.  
 After the implementation of the learning objectives created in this research, students will 
be more knowledgeable of topics essential and important to the Iowa manufacturing industry. By 
comprehending the learning objectives set forth in this study, graduates will be more marketable 
to the Iowa manufacturing industry, because they have the skills needed to at these companies. 
These learning objectives were made based on the local manufacturing industry’s needs which is 
something that other programs may not be doing. This is important, because it will make 
Industrial Technology students within Iowa more marketable to Iowa manufacturing companies 
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compared to graduates coming from another state who have not learned the topics that were 
found to be important to the Iowa manufacturing industry. This makes Iowa graduates a step 
ahead of their competition when competing for a job. These learning objectives are important to 
educators as well as the students. These learning objectives allow educators to implement these 
learning objectives into their courses to help better prepare students for industry. These objective 
allow educators to know what is important to industry without having to do the research for 
themselves. Educators no longer have to question if what they are teaching will be useful in the 
future or not.  
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Abstract 
The introductory and advanced manufacturing courses in the Industrial Technology 
program at Iowa State University currently teach overlapping content information creating an 
overlap in curriculum. If the overlap is necessary is unknown. This research examines the Iowa 
manufacturing industry’s needs along with educator needs to determine what needs to be taught 
in these courses. This research determined that overlap between courses is needed to enhance a 
students’ comprehension of important topics. Topics were deemed important by using survey 
data to gain a perspective to what educators find important to teach undergraduates. Educator 
rankings were then compared to the Iowa manufacturing industry’s rankings and what is 
currently being taught in ATMAE accredited Industrial Technology programs examined in 
chapter two of this thesis. The Iowa manufacturing industry’s needs aligned with the educators’ 
rankings. Educator needs, Iowa manufacturing industry’s needs, and topics taught in ATMAE 
accredited Industrial Technology programs were considered when creating course objectives for 
all three manufacturing courses taught to Industrial Technology and Agricultural Technology 
students at Iowa State University. The backwards design approach was used to create enduring 





 Learning objectives for post-secondary manufacturing courses in Industrial Technology 
programs are important to the education of undergraduate students. There is currently no universal 
set of learning objectives for introductory nor advanced manufacturing courses in an Industrial 
Technology related program which makes it difficult to determine what institutes are teaching 
information that aligns with the local manufacturing industry’s needs. This research uses a Google 
survey to determine the Iowa manufacturing industry’s needs when it comes to technical skills. 
Quality and Continuous Improvement was determined to be the most important technical topic to 
the Iowa manufacturing industry. The Iowa manufacturing industry also found knowledge of 
Metals, plastics, and polymers important when deciding on what new graduate to hire. What is 
currently being taught can also be considered when determining learning objectives for 
manufacturing courses. This study examined what technical manufacturing topics were currently 
being taught in manufacturing courses in Industrial Technology programs with an Association of 
Technology, Management, and Applied Engineering (ATMAE) accreditation. Examination of the 
ATMAE accredited Industrial Technology programs concluded that Fabrication is the 
manufacturing process taught at the highest number of ATMAE accredited institutions. This 
research then compares what is currently being taught with the Iowa manufacturing industry’s 
needs. Learning objectives were then developed to guide what should be taught in introductory 
and advanced manufacturing courses while aligning with the Iowa manufacturing industry’s needs. 
Further research needs to be conducted to determine if safety and additive manufacturing topics 
are important to the Iowa manufacturing industry as these topics are frequently being taught in 





The final objective of this research was to identify how to differentiate TSM 240 and 
TSM 241, introductory manufacturing courses, and TSM 340, an advanced manufacturing course  
while aligning with the Iowa manufacturing industry’s needs. While some overlap is necessary 
as review to assist students in the advancement of their current introductory knowledge on a 
topic, some overlap may be unnecessary and repetitive. To do this, a method to identify the 
unnecessary overlap between the courses was developed. This objective was guided by the 
following research question: 
“How can the course content of TSM 240, TSM 241, and TSM 340 be separated while aligning 
labs with the Iowa manufacturing industry’s needs?”   
This research focused on the Industrial Technology major with a manufacturing option at 
Iowa State University as a case study, because it has both an introductory and advanced 
manufacturing course. Using this program allowed for the identification and examination of 
overlap and instructor identified needs within these courses. The Industrial Technology program 
with a manufacturing option at Iowa State University requires three manufacturing courses, two 
introductory and one advanced course. Further, this case study allowed an investigation  of 





SME has been around for approximately 90 years and works closely with many different 
manufacturing industries including manufacturing professionals, companies, educators, schools, 
and communities (SME, n.d.). SME is the leading voice for the manufacturing industry and 
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helped advance the industry creating more opportunities. SME has four pillars of manufacturing 
(SME, 2012). The pillars are used to describe the variety of careers within manufacturing 
engineering (SME, 2012). The four pillars can be seen in Figure 1. Figure 1 identifies all the 
topics within the SME four Pillars. The SME four pillars starts with the four pillars at the top 
which represent the main focuses of manufacturing engineering. The first pillar is Materials and 
Manufacturing Processes which includes topics in Engineering Sciences, Materials, and 
Manufacturing processes (SME, 2012). The second pillar is product, tooling, and assembly 
engineering and includes topics in Product Design, Process Design, Equipment Design, and Tool 
Design (SME, 2012). The next pillar is Manufacturing Systems and Operations which include 
topics in Production System Design and Automated Systems and Controls. The fourth and final 
pillar is Manufacturing Competitiveness which includes topics in quality, Continuous 
Improvement, and Manufacturing Management. The four pillars have two foundational sections 
to hold them together (SME, 2012). The first foundation is Mathematics and Science which 
includes the following topics; physics, chemistry, bio-science, algebra, trigonometry, analytic 
geometry, calculus, probability, and statistics (SME, 2012). Personal Effectiveness is the other 
foundation and includes the following topics; interpersonal skills, negotiating, conflict 
management, innovation, creativity, written and oral communication, presentation skills, lifelong 
learning, and Knowledge (SME, 2012). The pillars are held up by 10 fundamental topics which 
are Engineering Sciences, Materials, Manufacturing Processes, Product Design, Process Design, 
Equipment and Tool Design, Production System Design, Automated Systems and Controls, 
Quality and Continuous Improvement, and Manufacturing Management (SME, 2012) Each 
fundamental topic is made up of subtopics that can be seen in Figure 3-1.  
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The SME four pillars were developed from the accreditation criteria for manufacturing 
engineering programs. The four pillars were created over a three-year time span from 2008 to 
2011. The Manufacturing Education and Research (MER) community helped develop the four 
pillars. SME-MER developed a roadmap for manufacturing technology along with a profile of 





The Four Core Areas and 10 Fundamentals 
Materials and Manufacturing 
Processes 
Product, Tooling, and Assembly 
Engineering 
Manufacturing Systems and 
Operations 
Manufacturing Competitiveness 
Engineering Sciences Product Design Production System Design 
Quality and Continuous 
Improvement 
Statics and Dynamics Simulation and Engineering Design Capacity Planning Customer Focus 
Mechanics of Materials Intellectual Property Protection 
Facility Planning and Plant 
Layout 
Quality Systems and Standards  
Fluid Mechanics Design Management 
Process Planning and 
Development 
Inspection, Test, and Validation  
Thermodynamics and Heat Transfer 
Design for X (Manufacturing, 
Assembly, Maintenance, etc.) 
Transfer 
Infrastructure and Plant 
Location 
Problem Analysis and Solving 
Electronical Circuits and Electronics Market, Sales, and Lifecycle Analysis  
Product and Manufacturing 
System Design 
Factor Analysis 
Materials Concurrent Engineering Process Documentation Capability Analysis 
Metals Thermodynamics and Heat Work Instructions Statistical Control Methods 
Plastics and Polymers Drawing and Engineering Graphics  Tool and Equipment Selection Metrology 
Composites CAD/CAM/CAE 
Production System Build and 
Test 
Reliability Analysis 
Ceramics Tolerance Analysis and GD&T 
Human Factors, Ergonomics, 
and Safety 
Continuous Improvement and Lean 
Fluids Product Reliability Maintenance Systems Customer and Field Service 
Glasses  Environmental Protection   
Nanotechnology  Waste Management   
Foams    Manufacturing Management 
Hybrids Process Design  Strategic Planning 
Natural Materials Process Research and Development  Global Competition 
Manufacturing Processes Simulation and Product Analysis  
 Organizational Design and 
Management 
Material Removal Product Prototype Build and Test  Project Management 
Fabrication Print Reading 
Automated Systems and 
Control 
Personnel Management 
Hot and Cold Forming Rapid Prototyping 
Power Systems (Mechanical, 
Electrical, and Fluid) 
Human Behavior and Leadership 
Casting and Molding 
 Control Systems (Mechanical, 
Electrical, and Fluid) 
Labor Relations 
Electronical and Electronics 
Manufacturing 
 
Packaging Systems Education and Training 
Heat Treatment Equipment and Tool Design 
Automated Systems (Hard and 
Flexible) 
Operations Research and Forecasting 
Joining, Welding, and Assembly Cutting Tool Design 
CNC, PLC, and Computer 
Control 
Supply Chain and Logistics 
Finishing Work Holding Tool Design 
Computer Systems and 
Networks 
Accounting, Finance, and Economics  
Bulk and Continuous Flow Die and Mold Design Information Technology Business and Engineering Ethics 
Material Handling and Packaging Gage Design Database Systems (MIS, etc.) Social Responsibility 
Hand Tool Use and Machine 
Operating 
Machine Design 
Enterprise Wide System 
Integration 
Standards, Law, and Regulations  
Foundation 
Mathematics and Science Personal Effectiveness 
Physics, Chemistry, Bioscience, Algebra, Trigonometry, Analytic Geometry, 
Calculus, Probability, Statistics   
Interpersonal Skills, Negotiating, Conflict Management, Innovation, 
Creativity, Written and Oral Communication, Presentation Skills, 
Lifelong Learning, Knowledge  
Figure 3-1: SME four Pillars Outline (SME, 2012) 
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Manufacturing Learning Objectives 
Learning objectives are statements outlining what students should know by the end of the 
course (The Glossary of Education Reform, 2012). Learning objectives answer two main 
questions. The first question is why the students are doing this task. The second question is, how 
will this help the students in the future. Learning objectives are smart goals that educators 
establish for each course they teach (Caffarella & Daffron, 2013). Learning objectives are 
difficult to define because each institute defines the term differently. They can be used for 
teachers to set student expectations and are more effective when they are communicated to 
students. Learning objectives are used to identify the importance a class to the students (Great 
Schools Partnerships, 2014).  
 
Collaboration Approach 
Sometimes learning objectives are made to correspond with industry standards to better 
prepare students for industry. This is done by using the collaborative approach of program 
planning (Caffarella & Daffron, 2013). The collaboration approach is when curriculum 
development planners work with stakeholders to create the curriculum. In this research, the 
stakeholders are the Iowa manufacturing industry representatives. The collaboration approach 
can have the stakeholders be involved in every step of the process or just serve as an advisory 
board (Caffarella & Daffron, 2013). In this research, stakeholders were used as an advisory 
board by answering a survey about what should be taught in Industrial Technology programs. 
The steps in this approach are to figure out what course needs to be taught. Then collaboration 
with stakeholders takes place to figure out what needs to be taught in the course in question. 
Next, the curriculum developer creates learning outcomes and objectives based on the 




Backwards Design to Curriculum Development 
One curriculum designing method is the backwards approach method. This method was 
used in this research to design the courses. The backwards method of course design is the 
process of setting enduring understandings as the first step to designing a course. Researchers 
believed that one should plan the course around sought results instead of the course materials one 
wants to use. Course materials and methods of teaching cannot be clearly set until the  enduring 
understandings are known and set. The backwards design focuses more on the learning than the 
teaching (McTighe & Wiggins, 2005).  
There are three stages to the backwards design of a course. The first stage is to identify 
the desired results. The identification stage involves figuring out the desired understandings and 
what students should be able to do or know by the end of the course. The second stage is to 
determine acceptable evidence. When determining what is acceptable evidence, one must decide 
if giving a quiz is the best way to identify if the students have learned. Other forms of evidence 
include homework, exams, practicals, hands-on experiences, and many others. The final stage is 
to plan learning experiences and instruction appropriate to achieve desired understandings. In 
this stage, one must determine what skills and knowledge students need to know to achieve the 
desired results. Teachers can then determine the teaching methods to use to help students achieve 
these results (McTighe & Wiggins, 2005).  
Stage one of the backwards design approach to curriculum development involves creating 
a course description, outlining the established goals for the course, and is the focus of this 
research. The goal is to create the desired results. The next step is creating enduring 
understanding which are things students should be able to comprehend after completing the 
course. After the enduring understanding are set, essential questions are made to help students 
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learn the enduring understandings. These essential questions are things that students should be 
able to answer when the course is completed. The essential questions then lead into the 




Curriculum Planning Methods 
Curriculum planning is the process in which program objectives are formed and then split 
into course objectives. This research used the collaborative approach to program planning 
because it utilizes the feedback from the manufacturing industry who are stakeholders for these 
manufacturing programs (Caffarella & Daffron, 2013). The manufacturing industry needs are 
then compared to what is already being taught and what teachers find valuable.  
Educator data was collected on a quantitative survey to explore objective three. This 
survey was sent to manufacturing assistant professors and teaching lab coordinators in the 
Industrial Technology department at Iowa State University. This data was analyzed and ranked 
by the importance of each topic to these educators. Additionally, the educator data was compared 
to what was being taught in all ATMAE accredited Industrial Technology programs and the Iowa 
manufacturing industry’s needs. The industry’s needs data and data about what was currently 
being taught was found in objectives one and two of this research. Some learning objectives 
between the introductory and advanced courses may overlap. If an overlap in learning objectives 
between the courses is identified, the learning objectives in the advanced manufacturing course 
will focus on more in-depth and advanced content when compared to the introductory class. This 
research was reviewed by the Institutional Review Board (IRB), and they declared this study 





 A survey was used to gather data from the assistant teaching professors and teaching lab 
coordinator in the Industrial Technology program at Iowa State University to determine what the 
educator’s thought were the essential technical skills students needed before graduating. The 
total survey population was four, because there are three assistant teaching professors and one 
teaching lab coordinator who teach manufacturing courses in the Industrial Technology 
department at Iowa State University. The Google survey was sent to all four educators. Seventy-
five percent of the respondents responded to this survey.  
 
Instrument 
To provide and additional perspective, a survey was sent to the manufacturing assistant 
teaching professors and a teaching lab coordinator in the Industrial Technology program at Iowa 
State University. This additional perspective provides insight on what instructors believe should 
be taught in their courses. The survey was like the one sent to the Iowa manufacturing industry 
members in objective one. The survey sent to the manufacturing assistant teaching professors 
and a teaching lab coordinator was shortened to only incorporate manufacturing topics and can 
be found in Appendix C. These topics are the same topics that were analyzed in chapter two and 
can be seen in Figure 3-2. The survey was shortened because non-manufacturing topics are not 
the focus of the study. The assistant teaching professors and a teaching lab coordinator were 
surveyed to examine what they found important compared to the Iowa manufacturing industry. If 
there were topics that were essential to the assistant teaching professors and a teaching lab 
coordinator, then they were added to the list of learning objectives developed in objective 2.  
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The survey instrument was adopted from a previous study, Using the Four Pillars of 
Manufacturing Engineering Model to Assess Curricular Content for Accreditation Purposes 
(Pung & Jack, 2014). Adopting this survey was done because the questions in the survey were 
set up to provide the answers needed for this research (Jack et al., 2014). Survey questions were 
adopted from the previous survey as they have been previously tested in Bulmer et. al. (2006) to 
provide the needed responses for this research. Additionally, this survey aligned well with the 
objectives of this research. Permission was granted by the original author of the survey to use 
and modify. The survey was modified to only contain the information relevant to this research. 
Not all subtopics from the SME four pillars were used in this research. Figure 3-2 identifies the 
subtopics, fundamental topics, and core areas used in this study. 
 A Google survey was used as the adopted survey was already in this format, it allowed 
ease of modification, and allowed ease of distribution to participants. This surveying method 
allowed for the ease of compiling and reducing the data down into usable and comprehendible 
data sets. Further, the Google tools provided the ability to perform data analysis, so the data can 
be shown visually. The simplicity of the survey was key to the participants to completing the 
survey in 10 to 15 minutes and obtaining the received data. A full copy of the survey can be 









Core Areas, Foundation, and Fundamentals used in Study 
Materials and Manufacturing 
Processes 




Materials Product Design 
Automated Systems and 
Control 
Metals Design Management 
Automated Systems and CNC, 
PLC, and Computer Control 
Plastics and Polymers 
Design for X (Manufacturing, Assembly, 
Maintenance, etc.) Transfer   
Composites Market, Sales, and Lifecycle Analysis    
Ceramics Drawing and Engineering Graphics    
Fluids CAD/CAM/CAE   
Glasses Tolerance Analysis and GD&T 
Manufacturing 
Competitiveness 
Nanotechnology     
Foams     
Hybrids Process Design   
Natural Materials Process Research and Development 
Quality and Continuous 
Improvement 
Manufacturing Processes Simulation and Product Analysis  
Continuous Improvement and 
Lean 
Material Removal Product Prototype Build and Test   
Fabrication Print Reading   
Hot and Cold Forming Rapid Prototyping   
Casting and Molding     
Electronical and Electronics Manufacturing   Foundation 
Heat Treatment Equipment and Tool Design   
Joining, Welding, and Assembly Cutting Tool Design   
Finishing Work Holding Tool Design Personal Effectiveness 
Bulk and Continuous Flow Die and Mold Design Product Design  
Material Handling and Packaging Gage Design Process Improvement 
Hand Tool Use and Machine Operating Machine Design 
Quality and Continuous 
Improvement 
Note: The four pillars are bolded with a solid underline. Fundamentals are bolded and italicized. 




A web-based survey was used because of the simplicity of the data being collected. The 
following scale was used to determine the importance level of each course material to 
manufacturing educators: 0 = Unsure/Unimportant; 1 = Useful; 2 = Important; 3 = Essential. 
This scale was used to calculate an overall score for each topic. Each unsure/unimportant 
response received zero points. Each useful response received one point. Each important response 
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received two points and each essential response received three points. Each topic had three 
participant responses, so the overall score had a maximum possible score of nine points (3 points 
x 3 respondents = 9 possible points). These are the same methods used in chapter 2 of this study. 
 
Data Analyses 
Each response from the web-based survey was put into a spreadsheet for analysis. The 
total score for each question was calculated based off the three-point scale described in the 
survey data collection with an overall maximum score of nine possible. The topics were then 
ranked from highest to lowest based on the overall score and for each category. If more than one 
topic had the same overall score, the frequency of each essential, important, useful, and 
unimportant/unsure responses were examined. If two or more topics had the exact same response 
frequencies, then they were given the same ranking. 
Technical skills were considered essential if they had an overall score of six or more 
which resulted in receiving at least 66% of the possible points. They were important if their 
overall score was three, four, or five out of nine because the technical skill received 33%-66% of 
the total possible points. Technical skills were considered unimportant if they received an overall 
score below three out of nine because the topic received fewer than 33% of the possible points. 
In this research, an introductory technical skill is defined as a skill that can be learned 
without a pre-requisite. Introductory skills are skills that do not have to be learned in 
chronological order. Advanced technical skill is a skill that can only be learned after a different 
skill is mastered. This is the second or further skill learned in chronological series. What 
ATMAE accredited institutions teach in their introductory and advanced course will be 
considered when splitting skills into advanced and introductory skills. The objectives created in 
objective two of this survey were utilized in creating objectives for each manufacturing course.    
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The Agricultural and Biosystems Engineering Department 
The Agricultural and Biosystems Engineering Department (ABE) at Iowa State 
University is known for giving students a premier education in engineering and technology for 
agriculture, industry, and living systems. ABE accomplishes this through the promotion of 
graduates’ education in engineering and technology along with discovering new technologies for 
all stakeholders (Iowa State University, n.d.). The ABE department is home to four majors, 
Agricultural Systems Technology (AST), Industrial Technology (ITech), Agricultural 
Engineering, and Biosystems Engineering (Iowa State University, n.d.). AST and ITech students 
take TSM 240, TSM 241, and TSM 340 as part of their course work (Iowa State University,  
n.d.). TSM 240: Introduction to Advanced Manufacturing and Metals Processing has the 
following course description; 
A study of selected materials, properties, and related processes used in Metals 
manufacturing. Lecture and laboratory activities focus on processes and advanced 
manufacturing (Iowa State University, n.d.). 
In TSM 240, students focus on how to operate CNC lathes and write G-code to program 
them. Additionally, students learn how to use drill presses, manual mills, horizontal and vertical 
band saws, aluminum foundry work, tapping/threading tools, metal inert gas welders, shielded 
metal arc welders, and have a lab with a CNC mill. The students get experience with files and 
deburring tools. TSM 240 class consists of one lab per week in the manufacturing lab creating 
the parts and one lab per week learning writing G-code (Hoffman, 2020). A lab schedule for 
TSM 240 can be seen in Table 3-1. This schedule and learning objectives are from the course 
syllabus created by the assistant teaching professor for this course. The assistant teaching 
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professor’s syllabus was acquired and analyzed for this research. The course objectives for TSM 
240 are listed below (Hoffman, 2020) 
• Demonstrate an understanding and proficiency of safely operating both manual 
and automated manufacturing equipment. 
• Communicate effectively using technical terminology as used in manufacturing 
environments. 
• Understand basic principles of materials properties and testing. 
• Become comfortable in a manufacturing setting, as well with department 
laboratories and equipment. 
• Develop an appreciation for the skills, expertise, and responsibilities of skilled 
workers and their impact on the manufacturing environment. 
• Develop or enhance a background in materials and processes which can be carried 
to other courses, future research, and/or employment in the manufacturing sector.  
The following are the course objectives for TSM 240 (Hoffman, 2020). 
• Apply knowledge of mathematics, science, technology and applied sciences. 
• Formulate or design a system, process, or program to meet desired needs within 
realistic constraints. 
• Identify and solve practical and applied science problems. 
• Communicate using germane jargon. 
• Apply the techniques, skills, and modern scientific and technical tools necessary 
for professional practice. 
Table 3-1 displays content taught in each lab of TSM 240. There are two labs per week 





TSM 240: Lab schedule(Hoffman, 2020)  
Week First Lab Day Second Lab Day 
1 
Course information, safety policies, 
Safety Exam, lab safety and discussion 
Introduction to lab equipment – emphasis 
on Safety Exam topics 
Lab tour, lab safety & discussion 
2 
Mechanical properties concepts; stress, 
strain, tensile, hardness & shear 
relationships  
Human powered tensile test activity 
Exercise 3.1 from textbook (Optional) 
Safety Glasses & name badges 
Tensile testing equipment & demo 
Hardness testing equipment & demo 
Torsion testing & demo 
3 
Introduction to advanced 
manufacturing & CNC operations 
Machine operations: Aluminum Tops – 
understanding feeds & speeds 
4 
Introduction to editNC 
Introduction to G-Code Language 
Machine controls, file transfer, tool 
movement, turret & tools, inspection & 
replacement, machining on wax 
5 CNC lathe safety & basic commands  
Machine home, zeros & tool offsets 
Review CNC lathe operations, machine 
controls, file transfer, & tooling 
CNC lathe - Stepped Shaft A-End 
6 Introduction to canned cycles CNC lathe – Stepped Shaft B-End 
7 
Introduction to chamfers, radii, center 
drilling, tailstock support, & cutoff 
CNC lathe – Wedding Cake 
8 Introduction to complex profiles  CNC lathe – Rounded Shaft 
9 Introduction to single point threading CNC lathe – Threaded Bolt 
10 
Assemblies & mass production 
Group activity: Magic Bolt 
CNC lathe – Magic Bolt 
11 Exam in ISU Testing Center Casting Lab – Pouring Anvils 
12 
Introduction to milling operations: 
   Mill setup, tool touch-offs  
Post-process machining – anvils  
Squaring Stock & Hole Patterns 
13 Welding Safety & PPE 
Welding – hands-on experience 





Milling project completion 
15 
Project completion and/or 
Final exam review 
Project completion – all projects due by 
end of YOUR last laboratory period 
16 Finals week – no lab Finals week – no lab 
 




A study of selected materials and related processes used in plastics manufacturing. 
Lecture and laboratory activities focus on materials, properties, and processes (Iowa 
State University, n.d.). 
In TSM 241, students get experience with injection molding. Experience includes 
manually running the injection molding machine. Additionally, students get experience with 
welding polymers, 3D printing, soldering, and foam molding. Other experiences include the 
process of how plastic bags are made and how to press and form plastics. Students learn about 
the many properties of Plastics and Polymers. Students learn how to make printed t-shirts to have 
a hands-on experience with polymers (Curtzwiler, 2020). A lab schedule for TSM 241 can be 
seen in Table 3-2. The courses schedule and the learning objectives were part of the syllabus 
obtained by the teaching lab coordinator for this course.  
Table 3-2 
TSM 241: Lab schedule (Curtzwiler, 2020) 
Week Lab 
1 
Course introduction, discussion of safety requirements & lab overview Plastics safety: SPE 
video, intro to lab equipment, general lab rules 
2 Slime Polymer Synthesis 
3 Screen printing 
4 Review of mechanical properties: tensile, shear, stress, strain, modulus, & demo 
5 Composites & Fiberglass clipboard layup 
6 
Waterjet & assemble clipboards 
Melt Flow Index & viscosity 
7 Extrusion compounding & “The Big 6” 
8 Profile extrusions: blown film extrusion 
9 Mold design fundamentals 
10 Injection molding 
11 Vacuum forming, impulse, ultrasonic, and vibrational welding processes, & packaging 
12 EPS, rotational, compression, and blow molding 
13 Soldering 
14 Additive manufacturing – Part Design 
15 Additive manufacturing – Part Printing 




The following are student learning objectives for TSM 241 ( Curtzwiler, 2020).  
• Demonstrate an understanding and proficiency of safely operating both manual and 
automated manufacturing equipment.  
• Converse using technical terminology necessary to communicate in a manufacturing 
environment.  
• Understand some basic principles of materials properties and testing.  
• Become comfortable in a manufacturing setting, as well with department laboratories and 
equipment.  
• Develop an appreciation for the skills, expertise, and responsibilities of skilled workers 
and their impact on the manufacturing environment.  
• Develop or enhance a background in materials and processes which can be carried to 
other courses, future research, and/or employment in the manufacturing sector.  
The course objectives for TSM 241 are as follows( Curtzwiler, 2020); 
• Apply knowledge of mathematics, science, technology and applied sciences.  
• Formulate or design a system, process, or program to meet desired needs within 
realistic constraints.  
• Identify and solve practical and applied science problems.  
• Communicate using germane jargon.  
• Apply the techniques, skills, and modern scientific and technical tools necessary for 
professional practice 




NC programming operations and machining practices for CNC mills and lathes. Transfer 
of part descriptions into detailed process plans, tool selection, and NC codes. Use of 
CAD/CAM for automated NC programming in 2D/3D machining operations of student 
designed parts (Iowa State University, n.d.). 
In TSM 340, students focus on the operation of CNC lathes and mills. G-code specific to 
programming the machines is taught in the lectures. Students also learn how to conversationally 
code on the lathes in labs. Additionally, students learn how to use Mastercam, a CAM software, 
to create programs for both mills and lathes. Further, students also use Mastercam to create the 
program for their final projects (Ryan, 2020). A lab schedule for TSM 340 can be seen in Table 
3-3. The lab schedule and the learning objectives were part of the syllabus obtained from the 
assistant teaching professor for this course. 
Table 3-3 
TSM 340: Lab schedule (Ryan, 2020) 
Week Lab 
1 Shop/Machine Safety, Mill/Lathe Lab 1 
2 Mill/Lathe Lab 2 
3 Mill/ CMM Lab 3 
4 Lab Practical Mill/Lathe 
5 Mill/Lathe Lab 1 
6 Mill/Lathe Lab 2 
7 Mill/ CMM Lab 3 
8 Lab Practical Mill/Lathe 
9 ½ class projects – ½ class 5 axis 
10 ½ class projects – ½ class 5 axis 
11 Project 
12 Project (Name block should be cut by this week) 
13 Project 
14 Project 
15 Lab 15 Final Week of Lab 





The following are the learning objectives for TSM 340 (Ryan, 2020). 
• A commitment to Safety First Policy.  
• Read and write manual CNC program for 3-axis mill 
• Program and operate a vertical machining center and toolroom lathe 
• Demonstrate self-learning of manufacturing CAM Software (MasterCAM) 
• Develop an understanding of issues and problems that arise in the manufacturing 
industry  
Some of the content taught in TSM 240, TSM 241, and TSM 340 overlap, so a Venn 
diagram was created to depict the overlap. The Venn diagram in Figure 3-3 depicts multiple 
overlapping manufacturing topics within TSM 240, TSM 241, and TSM 340. Part of this overlap 
is due to the drastic changes TSM 240 has been making to its curriculum over the past two years 
that aim to better prepare students for industry by learning newer machines and processes. To 
accommodate these changes, TSM 240 split into two courses which are now TSM 240 and TSM 
241 (Hoffman, 2020). These two courses were once one course, that gave students less time to 
learn about metal and plastic manufacturing. The split allowed for more focus on Metals and 
plastics between TSM 240 and TSM 241. The curricular changes in TSM 240 have started to 
overlap with the curriculum in TSM 340 (Hoffman, 2020; Ryan, 2020). Currently , there is 
overlap of lathe knowledge being taught to those who have taken the current version of TSM 240 
(Ryan, 2020). The lathe content in TSM 340 lab could be replaced with new material to better 
prepare students for industry. Due to the changes with the introductory manufacturing courses, 
there is now an increased overlap of content between the courses making this an ideal case study. 




Figure 3-3: TSM 240/TSM241/340 Content Venn Diagram 
Analysis of the Iowa manufacturing industry’s needs from objective one in chapter two 
of this study was considered when determining how to split introductory and advanced course 
topics. This study was also used to remove unnecessary overlap between the courses. Necessary 
overlap was defined as topics the Iowa manufacturing industry found essential for students to 
know before being hired. It was determined that overlap was not needed for topics that were not 
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ranked essential by the Iowa manufacturing industry. Consideration of the Iowa manufacturing 
industry’s needs was included as the Iowa manufacturing industry is the stakeholder for these 
manufacturing courses. This means that the essential topics according to the Iowa manufacturing 
industry need to be introduced in the introductory courses and then strengthened in the advanced 
courses. These were the top technical skills that needed to be taught in the introductory courses 
and then strengthened or revisited in the advanced manufacturing course. A qualitative analysis 
was conducted in objective two of chapter two to determine what technical skills were classified 
as introductory skills and what skills were considered advanced skills. This determined what 
needed to be taught in the introductory course and what needed to be taught in the advanced 
course as well as framed the learning objectives for each course. 
The backwards approach to curriculum design was used to create the course curriculum 
(Wiggens & McTighe, 2005). This approach was used, because this research was more 
concerned about what needed to be taught than how topics were going to be taught which leads 
to the backwards approach. After the learning objectives were set, evidence and a course plan 
were developed. Stage one of the backwards approach to curriculum development was used in 
this research. Stages two and three were not as each instructor will want to use different evidence 
and tasks to achieve these learning objectives.  
The course description used in stage one for each course was taken directly from the 
Iowa State University website to match the current course description. The lecture and lab 
descriptions along with the established goals were made after considering what is currently being 
taught in these courses, what is being taught in other ATMAE accredited Industrial Technology 
programs, Iowa manufacturing industry’s needs, and educator needs. This then led to the 
enduring understandings which were developed based on the learning objectives created in 
101 
 
objective two of chapter 2 and comparing those learning objectives with the results of the 
educators’ needs survey. Essential questions were then developed to help achieve the enduring 
understandings. This was done by examining the learning objectives from objective two in 
chapter 2 with what is currently being taught in these courses. The comparison of the Iowa 
manufacturing industry’s needs and the educator survey also took place to determine if the 
learning objective list from objective two of chapter two of this survey needed altered to align 
with the results from both surveys. The top 20 ranked technical topics from both surveys were 
used to determine if there were any differences in the Iowa manufacturing industry’s needs 
versus the educator’s rankings. The top 20 were compared, because there were 41 topics. By 
comparing the top 20, the top 50% of topics from the educator and industry rankings were 
compared. If there were any differences, the enduring understandings and essential questions for 
each course was altered to align with the needs of both the educators and the Iowa manufacturing 
industry. The knowledges and skills were then established to match the essential questions. 
These were developed by taking the knowledges and skills needed to accomplish the learning 
objectives from objective two of this study. 
 
 Results  
Background of Educators 
The educator’s opinions were valued in this study, because of the experience they bring. 
Combined, they have worked in industry for 16 years. They also bring along 25 years of teaching 





The first set of data examined how important the Iowa State TSM 240, TSM 241, and 
TSM 340 assistant teaching professors and a teaching lab coordinator rank each material for 
students to know. The frequency of response data is illustrated in Figure 3-4 for each material 
included on the survey administered to the professors and lab coordinator. No participants rated 
Metals, Plastics and Polymers, Composites, nor Fluids as unimportant. Metals, Plastics and 
Polymers, and Ceramics had the most essential responses with one out of three. The data 
identifies that Metals, plastics, and polymers are the most important materials graduates need to 
know about before graduating according to the manufacturing assistant teaching professors and a 
teaching lab coordinator. This is due to Metals having the highest essential response rate with 
one out of three and had a minimum of two out of three for importance which resulted in the 
highest overall score. Metals, plastics, and polymers also had a two out of three response rate in 
the important section. The overall score for Metals, plastics, and polymers is seven out of nine. 
Composites is the third most important with one out of three ranking it as essential and one out 
of three ranking it as important. The overall score for Composites is six. Fluids come in third 
with zero out of three ranking it as essential, two out of three ranking it as important, and an 
overall score of five. 
The least important materials needed to know how are Foams and Hybrids which both 
had an overall score of one out of nine. One respondent out of three ranked them as useful and 
two out of three ranked Foams and Hybrids as unimportant. The next least important materials 
according to the survey were Glasses, Nanotechnology, and Natural Materials with overall scores 
of two and no essential responses. Glasses, Nanotechnology, and Natural Materials had two out 









































Manufacturing Processes were the next technical skills analyzed from the educator survey. 
Figure 3-5 identifies the distribution of responses from the three respondents. Every 
manufacturing process had at least one essential response other than Hot and Cold Forming and 
electrical and electronics manufacturing. No one ranked any of the Manufacturing Processes as 
unimportant. The findings identify that Hand Tool Use and Machine Operation is the most 
important manufacturing process graduates need to know before graduating according to the 
manufacturing assistant teaching professors and a teaching lab coordinator in the Industrial 
Technology Department at Iowa State University. This is because Hand Tool Use and Machine 
Operation had the highest essential response rate with two out of three and had a minimum of 
two out of three for importance resulting in the highest overall score. Hand Tool Use and 
Machine Operation also had a one out of three response rate in the important section. The overall 
score for Hand Tool Use and Machine Operation was eight out of nine. Fabrication and 
joining/welding/assembly come in at the second most important with two out of three 
respondents ranking it as essential and one out of three ranking it as useful. Fabrication and 
joining/welding/assembly had overall scores of seven out of nine.  
The least important manufacturing process is Hot and Cold Forming which had an overall 
score of five out of nine. Two respondents out of three ranked Hot and Cold Forming as 
important and one out of three ranked it as useful. Casting and Molding, Heat Treatment, 
Finishing, Bulk and Continuous Flow, Material Handling and Packaging, and electrical and 
electronical manufacturing had an overall scores of six out of nine. Electrical and electronics 
manufacturing was the second least important with all three respondents ranking it as important. 
The other five processes are tied for the third least important with one out of three respondents 

















































 Product Design processes were the next technical skills analyzed from the educator 
survey. Figure 3-6 identifies the distribution of responses from the three respondents. Every 
Product Design process had at least one essential response other than Tolerance Analysis and 
GD&T and market/sales/lifecycle analysis. No participant ranked any of the Product Design 
elements as unimportant. The findings identified that drawings and engineering graphics is the 
most important Product Design process graduates need to know before graduating according to 
the manufacturing assistant teaching professors and a teaching lab coordinator in the Industrial 
Technology program at Iowa State University due to all three participants ranking it as essential 
resulting in the highest overall score. The overall score for drawings and engineering graphics 
was nine out of nine. CAD/CAM/CAE comes in at the second most important with two out of 
three respondents ranking it as essential and one out of three ranking it as important. 
CAD/CAM/CAE had an overall score of eight out of nine. Designing for X is the third most 
important with one out of three ranking it as essential and two out of three ranking it as 
important. The overall score for designing for X is seven out of nine. The least important Product 
Design topic needed to know were marketing/sales/and lifetime analysis having an overall score 
of six out of nine. All respondents ranked them as important. The next least important Product 
Design topic was Design Management. Design Management also had an overall score of 6, but it 
had one essential response and had one out of three respondents rank it as important and one out 











































Process Design was the next technical skills analyzed in the educator survey. Figure 3-7 
identifies the distribution of responses from the three respondents. Every Process Design element 
had at least one essential other than Rapid Prototyping. The findings identify that Print Reading 
is the most important Process Design element graduates need to know before graduating 
according to the manufacturing assistant teaching professors and a teaching lab coordinator due 
to it having an essential response rate with two out of  three resulting in the highest overall score. 
Print Reading also had a one out of three response rate in the important section. The overall 
score for Metals was seven out of nine. Process development and test and prototype test and 
build come in at the second most important with one out of three respondents ranking them as 
essential and two out of three ranking them as important Process development and test and 
prototype test and build had overall scores of seven out of nine. Simulation/process analysis was 
the next most important with an overall score of six out of nine, and it only had one out of three 
respondents rank it as essential. The least important Process Design process is Rapid Prototyping 






Equipment and Tool Design 
Equipment and Tool Design was the next technical skills analyzed from the educator 
survey. Figure 3-8 identifies the distribution of responses from the three respondents. The only 
equipment and Tool Design element that had an essential response was work holding Tool 
Design. The findings identify that work holing Tool Design is the most important equipment and 
Tool Design element graduates need to know according to the manufacturing assistant teaching 
professors and a teaching lab coordinator due to it having an essential response rate of one out of 
three resulting in the highest overall score. Work holing Tool Design also had a two out of three 












Unsure/Unimportant (0) 0 0 0 0 0
Useful (1) 1 0 0 1 2
Important (2) 0 2 2 1 1
Essential (3) 2 1 1 1 0

































ABE Manucfacturing Faculty Pocess Design Rankings
Unsure/Unimportant (0) Useful (1) Important (2) Essential (3) Overall Score out of 9
Figure 3-7: Process Design Importance Frequency 
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response rate in the useful section. The overall score for Metals was five out of nine. Cutting 
Tool Design and Gage Design come in at the second most important with one out of three 
respondents ranking them as important. Die and Mold Design was the least important with two 
out of three respondents ranking it as useful and one ranking it as unimportant. The second least 
important equipment and Tool Design element was Machine Design with one respondent ranking 





  Work Holding
Tool Design
  Cutting Tool
Design
  Gage Design
  Machine
Design
  Die / Mold
Design
Unsure/Unimportant (0) 0 0 0 1 1
Useful (1) 2 2 2 1 2
Important (2) 0 1 1 1 0
Essential (3) 1 0 0 0 0






























Equipment and Tool Design
ABE Manufacturing Faculty Equipment and Tool Design Rankings
Unsure/Unimportant (0) Useful (1) Important (2) Essential (3) Overall Score out of 9
Figure 3-8: Equipment and Tool Design Importance Frequency 
111 
 
Additional Manufacturing Topics 
Additional manufacturing elements was the next technical skills analyzed in the educator 
survey. Figure 3-9 identifies the distribution of responses from the three respondents. Every 
additional manufacturing element had at least one essential response. The only one that had an 
unimportant or unsure response was Product Design. The findings identify that 
CNC/PLC/Computer Control and Process Improvement were the most important additional 
manufacturing elements graduates need to know according to the manufacturing assistant 
teaching professors and a teaching lab coordinator due to it having an essential response rate of 
two out of three resulting in the highest score. CNC/PLC/Computer Control and Process 
Improvement also had a one out of three response rate in the important section. The overall 
scores for CNC/PLC/Computer Control and Process Improvement were eight out of nine and had 
a minimum response rate of two out of three. Quality and Continuous Improvement comes in at 
the third most important with one out of three respondents ranking it as essential and two out of 
three ranking it as important. Quality and Continuous Improvement had an overall score of seven 
out of nine. Product Design was the least important additional manufacturing element. Product 
Design had one out of three respondents rank that it as an essential technical skill to know and 










The educator survey results identify that CNC/PLC/Computer Control and Process 
Improvement were the most important additional manufacturing elements graduates need to 
know according to the manufacturing assistant teaching professors and a teaching lab coordinator 
due to it having an essential response rate of two out of three. CNC/PLC/Computer Control and 
Process Improvement also had a one out of three response rate in the important section. The 
overall scores for CNC/PLC/Computer Control and Process Improvement were eight out of nine 
and had a minimum response rate of two out of three. Quality and Continuous Improvement 
ranked the third most important with one out of three respondents ranking it as essential and two 
out of three ranking it as important. Quality and Continuous Improvement had an overall score 
of seven out of nine. Product Design was the least important additional manufacturing element. 
Product Design had one out of three respondents rank that it as an essential technical skill to 






Overall Results  
Table 3-4 has a list of all technical skills analyzed in the order of importance according to 
the manufacturing assistant teaching professors and a teaching lab coordinator in the Industrial 
Technology Department at Iowa State University. Due to the low N of three, there were multiple 
topics with the same overall score and frequency rates, also considered a tie . In the case of a tie, 











Unsure/Unimportant (0) 0 0 0 0
Useful (1) 0 0 0 2
Important (2) 1 1 2 0
Essential (3) 2 2 1 1


































ABE Manufacturing Faculty Additional Manufacturing Elements 
Rankings
Unsure/Unimportant (0) Useful (1) Important (2) Essential (3) Overall Score out of 9
Figure 3-9: Additional Manufacturing Elements Importance Frequency 
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Table 3-4   
Overall scores of technical skills ranked by Iowa State University Industrial Technology manufacturing 
assistant teaching professors and a teaching lab coordinator (values is parentheses indicate topics’ 
overall score) 
Essential Important Unimportant 
1.) Drawing and Engineering Graphics  
      (9) 27.) Product Design (5) 36.) Glasses(2) 
2.) CAD/CAM/CAE (8) 
28.) Work Holding  
        Tool Design (5) 
36.) Die and Mold  
       Design(2) 
2.) Process Improvement (8) 
28.) Hot and Cold  
        Forming (5) 36.) Nanotechnology(2) 
2.) CNC/PLC/Computer Control (8) 28.) Fluids (5) 36.) Natural Materials(2) 
2.) Hand Tool Use and Machine    
     Operations (8) 
31.) Cutting Tool  
        Design (4) 40.) Foams(1) 
6.) Joining, Welding, Assembly (7) 31.) Gage Design (4) 40.) Hybrids(1) 
6.) Print Reading (7) 
31.) Rapid Prototyping  
        (4)  
6.) Fabrication (7) 
34.) Machine Design  
       (3)  
9.) Metals (7) 35.) Ceramics (3) 
 9.) Product Prototype Build and Test (7)  
9.) Quality and Continuous Improvement  
      (7) 
  9.) Process Development and Test (7) 
9.) Material Removal (7)  
 9.) Plastics and Polymers (7)  
9.) Design for X (7) 
  16.) Casting and Molding (6) 
16.) Heat Treatment (6) 
  16.) Finishing (6) 
16.) Bulk and Continuous Flow (6)   
16.) Simulation and Process Analysis (6) 
  16.) Material Handling and Packaging (6) 
16.) Composites (6)   
16.) Design Management (6) 
  
16.) Electrical and Electronics  
       Manufacturing (6) 
25.) Market/Sales/Lifecycle Analysis  
       (6)   








Understanding by Design 
Only stage one of the Understanding by design was used in this research, because each 
educator will want to create the appropriate evidence and course schedule for each course. In 
stage one, the first step is to create enduring understanding. The next step is to create essential 
questions to help comprehend the enduring understanding. The final step is to create skills and 
knowledges that students will have by the time they end the course. Figure 3-10 shows how each 
step relates to each other.  
 
Figure 3-10: Understanding by Design stage one steps 
 After creating the enduring understanding, they will each be given a number. After each 
essential question is made, they will each be given a number to correspond with the enduring 
understanding. The skills and knowledges will also get a number to correspond with the essential 





Figure 3-11: Example of how the Understanding by Design numbering works 
 Each course has three enduring understandings with multiple skills, knowledges, and 
essential questions for each enduring understanding. The enduring understandings for TSM 240 
are as seen below: 
1. Part quality is dependent on feeds, speeds, depth of cut, material, and ability to follow 
drawing specifications.  
2. Lean has its place in manufacturing. 
3. Different machines and tools are required to safely create different finished products.   
The enduring understandings for TSM 241 are listed below. 
1. Materials have different compositions and must be handled, packaged, and formed 
differently in a safe manner. 
2. Rapid Prototyping can be done through additive manufacturing processes. 





The enduring understandings for TSM 340 are listed below. 
1. Tool and machine lifespans are dependent on feeds, speeds, depth of cut, and material.  
2. Different CNC machining processes, tools, and automated systems are required to safely 
create different finished products.  
3. Different design processes are used to create quality parts to specification and to create 
prototypes, manufacturing tools, equipment, and processes. 
The results of the backwards design for stage one of the manufacturing courses taught to 
Industrial Technology students at Iowa State University can be found in the Appendices. 
Appendix D contains stage one of the backwards approach to curriculum planning for TSM 240. 
Appendix E contains stage one of the backwards approach to curriculum planning for TSM 241. 
Appendix F contains stage one of the backwards approach to curriculum planning for TSM 340.  
Separation of the courses can be seen within stage one of each course. Figure 3-11 shows the 
what the Venn diagram and overlap would look like for TSM 240, TSM 241, and TSM 340 if the 





























Figure 3-11: Venn Diagram for New Curriculum 
 
Discussion 
Table 3-5 identifies a comparison of what topics are most important to the Iowa 
manufacturing industry and the assistant teaching professors and teaching lab coordinator at 
Iowa State University. When examining the top 20 most important technical skills from both the 














Identify and Test Processes 
Prototype Build and Test 
Make Parts to Spec 
Calculate Machine Life Cycle 
Tooling 
    Design Management 
         Simulations 
                 Machine, Tool, and Gage Design 
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overlap. The only technical skills that the Iowa manufacturing industry found to be in the top 20 
that the manufacturing assistant teaching professors and a teaching lab coordinator did not rank 
in the top 20 is tolerance and GD&T and Product Design. The manufacturing assistant teaching 
professors and a teaching lab coordinator had a large tie between technical skills in the top 20, so 
there are 24 items in the upper half of the ranked importance. The manufacturing assistant 
teaching professors and a teaching lab coordinator ranked Heat Treatment, Casting and Molding, 
Bulk and Continuous Flow, Composites, and electrical and electronic manufacturing in the top 
20 most important technical skills and the Iowa manufacturing industry did not. These 
inconsistencies were considered when making a learning objectives for TSM 240, TSM 241, and 
TSM 340. The topics that the assistant teaching professors and the teaching lab coordinator 
found important that the industry did not find important, were added to the learning objectives 
list when creating stage one of the backwards design to curriculum development.  
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Note: Topics in the top 20 that are different between the industry’s needs and educator needs are bolded. 
 
Table 3-5  
Overall score comparison for Iowa manufacturing industry vs. assistant teaching professors and teaching lab coordinator 
based on overall scores and percentages 
Iowa State University Teaching Lab Coordinator and Assistant 
Teaching Professors 
Iowa Manufacturing Industry 
1.) Drawing and Engineering Graphics (9=100%)) 1.) Quality and Continuous Improvement (69= 79.3%) 
2.) CAD/CAM/CAE (8=88.9%) 2.) Process Improvement (69=79.3%%) 
2.) Process Improvement (8=88.9%) 3.) Fabrication (66=75.9%) 
2.) CNC/PLC/Computer Control (8=88.9%) 4.) CAD/CAM/CAE (66=75.9%) 
2.) Hand Tool Use and Machine Operations (8=88.9%) 5.) Metals (65=74.7%) 
6.) Joining, Welding, Assembly (7=77.8%) 5.) Hand Tool Use and Machine Operation (65=74.7%) 
6.) Print Reading (7=77.8%) 6.) Drawing/Engineering Graphics (64=73.6%) 
6.) Fabrication (7=77.8%) 7.) CNC/PLC/Computer Control (63=72.4%) 
9.) Metals (7=77.8%) 8.) Joining, Welding, and Assembly (63=72.4%) 
9.) Product Prototype Build and Test (7=77.8%) 9.) Design for X (Mfg/Assy/Maint /etc.) (61=70.1%) 
9.) Quality and Continuous Improvement (7=77.8%) 10.) Print Reading (61=70.1%) 
9.) Process Development and Test (7=77.8%) 11.) Process Development and Test (59=67.8%) 
9.) Material Removal (7=77.8%) 12.) Product Design (58=66.7%) 
9.) Plastics and Polymers (7=77.8%) 13.) Material Handling and Packaging (57=65.5%) 
9.) Design for X (7=77.8%) 14.) Product Prototype Build and Test (56=64.4%) 
16.) Casting and Molding (6=66.7%) 15.) Tolerance Analysis/GD&T (56=64.4%) 
16.) Heat Treatment (6=66.7%) 16.) Plastics and Polymers (56=64.4%) 
16.) Finishing (6=66.7%) 17.) Material Removal (56=64.4%) 
16.) Bulk and Continuous Flow (6=66.7%) 18.) Design Management (56=64.4%) 
16.) Simulation and Process Analysis (6=66.7%) 19.) Simulation/Process Analysis (56=64.4%) 
16.) Material Handling and Packaging (6=66.7%) 20.) Finishing (51=58.6%)  
16.) Composites (6=66.7%) 21.) Casting and Molding (52=59.8%) 
16.) Design Management (6=66.7%) 22.) Electrical and Electronic Manufacturing (52=59.8%) 
16.) Electrical and Electronics Manufacturing (6=66.7%) 23.) Bulk and Continuous Flow (51=58.6%) 
25.) Market/Sales/Lifecycle Analysis (6=66.7%) 24.) Machine Design (50=57.5%) 
25.) Tolerance Analysis and GD&T (6=66.7%) 25.) Work Holding Tool Design (50=57.5%) 
27.) Product Design (5=55.6%) 26.) Heat Treatment (49=56.3%) 
28.) Work Holding Tool Design (5=55.6%) 27.) Rapid Prototyping (47=54.0%) 
28.) Hot and Cold Forming (5=55.6%) 28.) Composites (47=54.0%) 
28.) Fluids (5=55.6%) 29.) Fluids (46=52.9%) 
31.) Cutting Tool Design (4=44.4%) 30.) Market/Sales/Lifecycle Analysis (45=51.7%) 
31.) Gage Design (4=44.4%) 31.) Hot and Cold Forming (42=48.3%) 
31.) Rapid Prototyping (4=44.4%) 32.) Gage Design (41=47.1%) 
34.) Machine Design (3=33.3%) 33.) Cutting Tool Design (40=46.0%) 
35.) Ceramics (3=33.3%) 34.) Natural Materials (37=42.5%) 
36.) Glasses (2=22.2%) 35.) Die/Mold Design (35=40.2%) 
36.) Die and Mold Design (2=22.2%) 36.) Ceramics (31=35.6%) 
36.) Nanotechnology (2=22.2%) 37.) Foams (27=31.0%) 
36.) Natural Materials (2=22.2%) 38.) Hybrids (26=29.9%) 
40.) Foams (1=11.1%) 39.) Glasses (26=29.9%) 
40.) Hybrids (1=11.1%) 40.) Nanotechnology (24=27.6%) 
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The backwards approach to curriculum development was used to create a curriculum for 
TSM 240, TSM 241, and TSM 340. Stage one for each course can be seen in the appendices. 
Stage two and stage three are not included in this research as each educator will want to teach 
and evaluate the course differently. Stage two involves determining the evidence that is 
acceptable for each skill and knowledge from stage one. This can be anything from exams to 
homework to presentations and more. In this stage one will create assessment tasks and then 
describe what kind of evidence will be used to evaluate these tasks. Stage three is to then plan 
the course and what will be taught in each class period. This stage includes how the material will 
be taught. This can be through lectures, laboratories, or other experiences (Wiggens & McTighe, 
2005).  
Learning objectives were made for each course as an example of how to implement the 
learning objectives that fulfil the Iowa manufacturing industry’s needs. This also identified how 
to implement educator feedback to strengthen the learning objectives formed for each course. A 
limitation to this research is that only three educators were surveyed, and they were all from the 
same institution. This does not allow for generalization to other institutions but does allow for 
other institutions to identify how they can implement the same research design to align their 
learning objectives with the Iowa manufacturing industry needs of their location.  
A recommendation for future research is to survey the Iowa manufacturing industry from 
across the country. This could lead to the clarification of the differences in Iowa manufacturing 
industry needs between states and as a whole country. It is then recommended that 
manufacturing educators from across the country are surveyed to determine what the differences 
are between manufacturing educator needs in different states and as a whole country. Educator 
results can then be compared to the Iowa manufacturing industry’s needs to determine learning 
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objectives for manufacturing courses. This could be generalized to all manufacturing programs 
rather than Industrial Technology programs alone. Learning objectives could be created for each 
state or for the country.  
 
Conclusion 
The research question for this study was; 
1. How can the course content of TSM 240, TSM 241, and TSM 340 be separated while 
aligning labs with the Iowa manufacturing industry’s needs?  
A survey of the SME four pillars of manufacturing engineering skills and knowledges 
was used to collect data on how important each manufacturing topic was to the Iowa State 
University Industrial Technology assistant teaching professors and teaching lab coordinator for 
manufacturing courses. This data was then analyzed in Microsoft Excel and ranked from most 
important to least important. These rankings were then compared to the Iowa manufacturing 
industry’s needs to create learning objectives for TSM 240, TSM 241, and TSM 340 at Iowa 
State University. The backwards design approach to curriculum development was used to create 
enduring understandings that students should comprehend by the end of the course. Essential 
questions were made to help students comprehend the enduring understandings. These essential 
questions are questions that students should be able to answer by the end of the course. The skills 
and knowledges that students should have by the end of the course was then created.  
In conclusion, the Iowa manufacturing industry needs alignment with what Industrial 
Technology manufacturing assistant teaching professors and a teaching lab coordinator at Iowa 
State University view as important technical skills to teach. The differences when looking at the 
top 20 most important technical skills from both the Iowa manufacturing industry and the 
manufacturing assistant teaching professors and a teaching lab coordinator . The technical skills 
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that the Iowa manufacturing industry found that did not align with the manufacturing assistant 
teaching professors and a teaching lab coordinator belief were tolerance and GD&T as well as 
Product Design. These two skills are the ones that the Iowa manufacturing industry found 
important, but the assistant teaching professors and the teach lab coordinator did not find as 
important. On the other hand, the manufacturing assistant teaching professors and a teaching lab 
coordinator ranked Heat Treatment, Finishing, Bulk and Continuous Flow, Composites, and 
electrical and electronic manufacturing in the top 20 most important technical skills and the Iowa 
manufacturing industry did not have these topics in the top 20. 
When creating course objectives for TSM 240, TSM 241, and TSM 340 at Iowa State 
University both the Iowa manufacturing industry needs and manufacturing assistant teaching 
professors and a teaching lab coordinator opinion were considered. This resulted in three courses 
with minimal overlap between the two introductory courses and one advanced course. The 
reduction in overlap allows a more efficient focus for the courses to teach content to students 
relevant to the students’ future careers. 
Stage one of the Understanding by Design process is important to the Industrial 
Technology instructors at Iowa State University, because it tells them what they should consider 
teaching to better align their courses with the Iowa manufacturing industry’s needs. The 
Understanding by Design stage one can also be used at other institutions within Iowa when 
educators are determining what to teach in their manufacturing courses. Stage one takes out the 
guess work when creating learning objectives for courses, because this study based all learning 
objectives on the Iowa manufacturing industry’s needs as well as instructor’s opinion. This 
allows Iowa State University Industrial Technology manufacturing instructors to be a step ahead 
of educators at other institutions within Iowa, because they have a guide of what the Iowa 
124 
 
manufacturing industry wants students to know. Additionally, this study sets forth a process 
other institutions can use to set learning objectives for their manufacturing courses. The set up in 
the study could be used for other institutions in Iowa or other regions of the world.  
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CHAPTER 4.    GENERAL CONCLUSION 
Review of Objectives  
The first objective of this study was to investigate the alignment of the Iowa 
manufacturing industry’s needs with learning objectives taught in manufacturing courses in an 
Industrial Technology-related field of study. To achieve this the following research question was 
used: 
• What advanced manufacturing technical skills does the Iowa manufacturing industry 
value of college graduates? 
The second objective was to create a separation between the introduction to 
manufacturing class and the advanced manufacturing class. Learning objectives for the 
laboratory portion of each course were the focus of this objective. The following research 
question was used: 
• What do the technical learning objectives need to be for an introductory manufacturing 
lab and an advanced manufacturing lab in an Industrial Technology-related program of 
study? 
The final objective of this research was to identify a method to separate TSM 240 and 
TSM 241, introductory manufacturing courses, and TSM 340, an advanced manufacturing 
course. To achieve this the following research question was used: 
How can the course content of TSM 240, TSM 241, and TSM 340 be separated while 




Review of Results  
From the Google surveys distributed found that the Iowa manufacturing industry found 
the topics in Table 4-1 essential for students to know before entering the workforce. 
Table 4-1 
Essential technical skills for the Iowa manufacturing industry  
Quality and Continuous Improvement CNC/PLC/Computer Control 
Process Improvement Joining, Welding, and Assembly 
Fabrication Design for X (Mfg/Assy/Maint/etc.) 
CAD/CAM/CAE Print Reading 
Metals Process Development and Test 
Hand Tool Use and Machine Operation Product Design 
Drawing/Engineering Graphics Material Handling and Packaging 
 
Table 4-2 displays how the assistant teaching professors and the teaching lab coordinator 














Table 4-2   
Overall scores of technical skills ranked by Iowa State University Industrial Technology 
manufacturing assistant teaching professors and a teaching lab coordinator 
Technical Topics 
1.) Drawing and  
      Engineering Graphics 
9.) Design for X  28.) Hot and Cold Forming 
2.) CAD/CAM/CAE 16.) Casting and Molding 28.) Fluids 
2.) Process Improvement 16.) Heat Treatment 31.) Cutting Tool Design 
2.) CNC/PLC/Computer  
      Control 
16.) Finishing 31.) Gage Design 
2.) Hand Tool Use and  
      Machine Operations 
16.) Bulk and Continuous  
        Flow 
31.) Rapid Prototyping 
6.) Joining, Welding,  
     Assembly 
16.) Simulation and Process  
       Analysis 
34.) Machine Design 
6.) Print Reading 
16.) Material Handling and  
       Packaging 
35.) Ceramics 
6.) Fabrication 16.) Composites 36.) Glasses 
9.) Metals 16.) Design Management 36.) Die and Mold Design 
9.) Product Prototype Build  
      and Test 
16.) Electrical and Electronics  
       Manufacturing 
36.) Nanotechnology 
9.) Quality and Continuous  
     Improvement 
25.) Market/Sales/Lifecycle  
        Analysis 
36.) Natural Materials 
9.) Process Development  
     and Test 
25.) Tolerance Analysis and  
        GD&T 
40.) Foams 
9.) Material Removal 27.) Product Design 40.) Hybrids 
9.) Plastics and Polymers 
28.) Work Holding Tool  
       Design 
 
 
Table 4-3 identifies how the Iowa manufacturing industry’s needs align with what topics 
the assistant teaching professors and the teaching lab coordinator for the Industrial Technology 
manufacturing courses at Iowa State University found most important. 
When comparing at the top 20 most important technical skills from both the Iowa 
manufacturing industry and the manufacturing assistant teaching professors and a teaching lab 
coordinator, the majority overlap. The only technical skills that the Iowa manufacturing industry 
found to be in the top 20 that the manufacturing assistant teaching professors and a teaching lab 
coordinator did not rank in the top 20 is Tolerance and GD&T and Product Design. The 
manufacturing assistant teaching professors and a teaching lab coordinator had a large tie 
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between technical skills in the top 20, resulting in 24 items in the upper half of the ranked 
importance. The manufacturing assistant teaching professors and a teaching lab coordinator 
ranked Heat Treatment, Finishing, Bulk and Continuous Flow, Composites, and electrical and 
electronic manufacturing in the top 20 most important technical skills and the Iowa 
manufacturing industry did not. 
Courses taught in all ATMAE accredited Industrial Technology programs were examined 
and considered along with the Iowa manufacturing industry’s need when creating learning 






Table 4-3  
Overall score comparison for Iowa manufacturing industry vs. assistant teaching professors and teaching lab coordinator 
Iowa State University Teaching Lab Coordinator and Assistant 
Teaching Professors 
Iowa Manufacturing Industry 
1.) Drawing and Engineering Graphics (9=100%)) 1.) Quality and Continuous Improvement (69= 79.3%) 
2.) CAD/CAM/CAE (8=88.9%) 2.) Process Improvement (69=79.3%%) 
2.) Process Improvement (8=88.9%) 3.) Fabrication (66=75.9%) 
2.) CNC/PLC/Computer Control (8=88.9%) 4.) CAD/CAM/CAE (66=75.9%) 
2.) Hand Tool Use and Machine Operations (8=88.9%) 5.) Metals (65=74.7%) 
6.) Joining, Welding, Assembly (7=77.8%) 5.) Hand Tool Use and Machine Operation (65=74.7%) 
6.) Print Reading (7=77.8%) 6.) Drawing/Engineering Graphics (64=73.6%) 
6.) Fabrication (7=77.8%) 7.) CNC/PLC/Computer Control (63=72.4%) 
9.) Metals (7=77.8%) 8.) Joining, Welding, and Assembly (63=72.4%) 
9.) Product Prototype Build and Test (7=77.8%) 9.) Design for X (Mfg/Assy/Maint /etc.) (61=70.1%) 
9.) Quality and Continuous Improvement (7=77.8%) 10.) Print Reading (61=70.1%) 
9.) Process Development and Test (7=77.8%) 11.) Process Development and Test (59=67.8%) 
9.) Material Removal (7=77.8%) 12.) Product Design (58=66.7%) 
9.) Plastics and Polymers (7=77.8%) 13.) Material Handling and Packaging (57=65.5%) 
9.) Design for X (7=77.8%) 14.) Product Prototype Build and Test (56=64.4%) 
16.) Casting and Molding (6=66.7%) 15.) Tolerance Analysis/GD&T (56=64.4%) 
16.) Heat Treatment (6=66.7%) 16.) Plastics and Polymers (56=64.4%) 
16.) Finishing (6=66.7%) 17.) Material Removal (56=64.4%) 
16.) Bulk and Continuous Flow (6=66.7%) 18.) Design Management (56=64.4%) 
16.) Simulation and Process Analysis (6=66.7%) 19.) Simulation/Process Analysis (56=64.4%) 
16.) Material Handling and Packaging (6=66.7%) 20.) Casting and Molding (52=59.8%) 
16.) Composites (6=66.7%) 21.) Electrical and Electronic Manufacturing (52=59.8%) 
16.) Design Management (6=66.7%) 22.) Bulk and Continuous Flow (51=58.6%) 
16.) Electrical and Electronics Manufacturing (6=66.7%) 23.) Finishing (51=58.6%) 
25.) Market/Sales/Lifecycle Analysis (6=66.7%) 24.) Machine Design (50=57.5%) 
25.) Tolerance Analysis and GD&T (6=66.7%) 25.) Work Holding Tool Design (50=57.5%) 
27.) Product Design (5=55.6%) 26.) Heat Treatment (49=56.3%) 
28.) Work Holding Tool Design (5=55.6%) 27.) Rapid Prototyping (47=54.0%) 
28.) Hot and Cold Forming (5=55.6%) 28.) Composites (47=54.0%) 
28.) Fluids (5=55.6%) 29.) Fluids (46=52.9%) 
31.) Cutting Tool Design (4=44.4%) 30.) Market/Sales/Lifecycle Analysis (45=51.7%) 
31.) Gage Design (4=44.4%) 31.) Hot and Cold Forming (42=48.3%) 
31.) Rapid Prototyping (4=44.4%) 32.) Gage Design (41=47.1%) 
34.) Machine Design (3=33.3%) 33.) Cutting Tool Design (40=46.0%) 
35.) Ceramics (3=33.3%) 34.) Natural Materials (37=42.5%) 
36.) Glasses (2=22.2%) 35.) Die/Mold Design (35=40.2%) 
36.) Die and Mold Design (2=22.2%) 36.) Ceramics (31=35.6%) 
36.) Nanotechnology (2=22.2%) 37.) Foams (27=31.0%) 
36.) Natural Materials (2=22.2%) 38.) Hybrids (26=29.9%) 
40.) Foams (1=11.1%) 39.) Glasses (26=29.9%) 




Students should be able to demonstrate 
an ability to 






Operate machines and hand tools 
Fabrication of Metals 
Read engineering graphics and drawing  
Join, weld, and assemble Metals  
Handle materials and pack products 
Perform Quality and Continuous 
Improvement verification 
Perform Process Improvement  
Plastics, polymers, Composites, Fluids, 
Natural Materials, and Ceramics 
Heat Treatment 
Rapid Prototyping 
Hot and Cold Forming 
Forming and casting of Metals, 
plastics, and polymers  
Electrical and electronics 
manufacturing 





Fabrication of Metals. 
Use CAM to program and run CNC mills 
and lathes 
Read engineering graphics and drawing  
Use CAD to design parts 
Identify and test processes for 
Fabrication 
Perform Quality and Continuous 
Improvement verification 
Perform Process Improvement  
Build product prototypes and test 
function ability 
Ability to make parts to specification 
following GD&T 
Calculate the machine life cycle 
Control automated systems 
Determine tooling for most efficient 
Material Removal 
Design Management 
Simulation and process analysis 
Machine, work holding tool, gage, 
cutting tool, and Die and Mold Design  
Figure 4-1: Learning objectives created for manufacturing courses in Industrial Technology 
related programs 
 
The recommended learning objectives for TSM 240, TSM 241, and TSM 340 at Iowa 
State University was made with the backwards approach to curriculum development. 
Recommendations for TSM 240 can be seen in Appendix D, TSM 241 in Appendix E, and TSM 




Recommendations and Future Work 
The following recommendations were made to build upon this research. These 
recommendations were outside of the scope of this research but could be very beneficial in the 
future.  
 
Recurrence of this Research 
It is recommended that this study be conducted every few years to adjust the learning 
objectives to the changing manufacturing industry needs since manufacturing is a rapidly 
growing field. The manufacturing industry is always advancing which calls for new training to 
be implemented with the advancements in machines and processes. By conducting this survey 
longitudinally allows for industry’s needs to be reevaluated to assist in the development of 
learning objectives that continuously align with the manufacturing industry’s needs.  
 
Additive Manufacturing  
An additional recommendation is to research the importance of additive manufacturing to 
the manufacturing industry due to its inclusion post-secondary institution courses and its 
omission from this research. Additive manufacturing is a relatively new process in the 
manufacturing industry. It may be beneficial to teach additive manufacturing topics in post-
secondary institutions, an analysis needs to be conducted to provide evidence for this.   
 
Manufacturing Industry’s Needs for the United States of America  
A recommendation for future research is to survey the manufacturing industry from 
across the country. This could lead to clarifying the differences in manufacturing industry needs 
between states and as a whole country. It is then recommended that manufacturing educators 
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from across the country are surveyed to determine what the differences are between 
manufacturing educator needs in different states and as a whole country. Educator results can 
then be compared to the manufacturing industry’s needs to determine learning objectives for 
manufacturing courses. This could be generalized to all manufacturing programs instead of just 






















































































APPENDIX C: SURVEY SENT TO MANUFACTURING EDUCATORS IN THE 
INDUSTRIAL TECHNOLOGY DEPARTMENT AT IOWA STATE 
UNIVERSITY  
 
Stakeholder Survey: Manufacturing Curriculum 
Needs 
INTRODUCTION 
The purpose of this survey is to collect information on manufacturing industry needs in respect 
to new hires. This will help set learning outcomes for manufacturing courses at the post-
secondary level. 
 
DESCRIPTION OF PROCEDURES 
This survey should take less than 20 minutes to complete. 
 
RISKS 
We know of no risks in participating in this survey 
 
BENEFITS 
If you decide to participate in this study there will be no direct benefit to you. However we will 
use the information that we collect to revamp the manufacturing curriculum and set learning 
outcomes to meet the needs of the manufacturing industry. 
 
COSTS AND COMPENSATION 
You will not have any costs from participating in this survey and you will not be compensated for 
participating in this survey. 
 
PARTICIPANT RIGHTS 
Your participation in this survey is completely voluntary and you may refuse to participate or 
leave the survey at any time. If you decide to not participate in the survey or leave the survey 
early, it will not result in any penalty or loss of benefits to which you are otherwise entitled. 
 
CONFIDENTIALITY 
Records identifying participants will be kept confidential to the extent permitted by applicable 
laws and regulations and will not be made publicly available. However, federal government 
regulatory agencies and the Institutional Review Board (a committee that reviews and approves 
human subject research studies) may inspect and/or copy your records for quality assurance 
and data analysis. These records may contain private information. 
 
Whenever the data are reported, only frequency and averages will be published. Your identity will 
remain confidential. 
 
QUESTIONS OR PROBLEMS 





For further information about the survey contact Dr. John Haughery at h aughery@iastate.edu or 
Miss. Reth at t reth@iastate.edu. If you have any questions about the rights of research subjects 
or research-related injury, please contact the IRB Administrator, (515) 294-4566, 






































APPENDIX D: TSM 240 UNDERSTANDING BY DESIGN- STAGE 1 
Instructor: Taylor Reth Course: TSM 240: Introduction to 
Advanced Manufacturing and Metal 
Processing 
Semester: Spring 2021  Audience: 2nd year undergraduates 
Credits: 3 Prerequisites: Math 145 
 
Stage 1 – Desired Objectives and Understandings  
Course Description:  
A study of selected materials, properties, and related processes used in Metals manufacturing. 
Lecture and laboratory activities focus on processes and advanced manufacturing.  
 
Lecture: Students will learn about G and M coding, CNC machining components, shop safety, 
material handling, Continuous Improvement, metal characteristics, and Bulk and Continuous 
Flow. Students will also learn how to read technical drawings.  
 
Lab: Students will learn how to operate hand tool and CNC lathes, create codes to cut parts, 
and machine parts. Students will learn how to weld and assemble Metals. Metal casting and 
part finish will also be taught. 
 
Established Goals:  
1. Use G and M coding to program CNC lathe and make parts to specifications.  
2. Determine most efficient feed rate, spindle speed, and depth of cut when using CNC 
lathes.  
3. Operate hand tools and CNC and lathes efficiently, effectively, and safely.  
4. Join, weld, and assemble parts. 
5. Perform Finishing processes and part finish inspections. 
6. Perform Lean assessments.  
Transfer:  
Students will be able to independently use their learning to...  
Efficiently, effectively, and safely create programs and cut parts on CNC mills and lathes.   
Enduring Understandings: 
4. Part quality is dependent on feeds, speeds, 
depth of cut, material, and ability to follow 
drawing specifications.  
5. Lean has its place in manufacturing. 
6. Different machines and tools are required to 
safely create different finished products.   
Essential Questions:  
1.1 What mathematical equations are used 
to calculate machining parameters?  
1.2 How does changing the cutting 
parameters affect the part finish? 
1.3 How do material characteristics affect 
the cutting parameters? 
1.4 How are engineering drawings read? 
2.1 How are quality checks performed? 
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2.2 What Lean tools are used for 
Continuous Improvement and Process 
Improvement assessments? 
3.1 What are the different types of CNC 
lathe tooling? 
3.2 What are the different types of hand 
tools?  
3.3 What are the different types of metal 
manufacturing?   
3.4 What personal protective equipment 
(PPE) is needed for different machining 
operations?  
3.5 How do you safely operate CNC 
machines and hand tool with the current 
engineering controls?  
Knowledge:  
Students will know…  
1.1.1 Feed rate and spindle speed equations and 
functions. 
1.2.1 Effects of depth of cut on surface finish. 
1.2.2 Effects of using the incorrect feed rate and 
spindle speed. 
1.3.1 Effects of part material on machining 
parameters.  
1.4.1 GD&T symbol recognition.  
2.2.1 Lean principles.  
2.2.1 Benefits of an A3 form. 
3.1.1 Types of CNC lathe tools. 
3.2.1 Types of hand tools. 
3.3.1 Various metal manufacturing processes.  
3.4.1 Operator safety. 
3.4.2 CNC machine safety.  
Skills:  
Students will be able to… 
1.1.1 Calculate the appropriate feed rate 
and spindle speed. 
1.1.2 Select the most efficient depth of cut. 
1.2.1 Identify the quality of the part’s 
surface finish. 
1.3.1 Select most efficient cutting 
parameters for part material. 
1.4.1 Read engineering drawings. 
2.1.1 Perform quality checks. 
2.2.1 Select which Lean tool to use when 
assessing processes. 
2.2.2 Perform Continuous Improvement 
assessments. 
3.1.1 Operate CNC lathes. 
3.1.2 Identify CNC lathe tooling. 
3.2.1 Identify and operate hand tools. 
3.3.1 Weld, assemble, and join Metals. 
3.3.2 Heat treat Metals. 
3.3.3 Hot and cold form Metals. 
3.4.1 Wear proper PPE. 
3.5.1 Operate CNC machines safely.  
3.5.2 Identify engineering controls 








APPENDIX E: TSM 241 UNDERSTANDING BY DESIGN- STAGE 1 
Instructor: Taylor Reth Course: TSM 241: Introduction to 
Manufacturing Processes for Plastics 
Semester: Spring 2021  Audience: 2nd year undergraduates 
Credits: 3 Prerequisites: Math 145 
 
Stage 1 – Desired Objectives and Understandings  
Course Description:  
A study of selected materials and related processes used in plastics manufacturing. Lecture and 
laboratory activities focus on materials, properties, and processes.  
 
Lecture: Students will learn about material handling, packaging, and Rapid Prototyping. Non-
metal material characteristics will also be learned.  
 
Lab: Students will learn how to package finished products, form parts using Plastics and 
Polymers, join Plastics and Polymers. Additionally, students will learn how to manufacture 
electronical components and use 3D printers to rapid prototype.  
 
Established Goals:  
1. Handle and package products for shipping. 
2. Basic comprehension of non-metallic materials. 
3. Plastics and Polymers forming and welding. 
4. Use of soldering for electronical manufacturing. 
 
Transfer:  
Students will be able to independently use their learning to...  
Efficiently, effectively, and safely create parts on an injection molder and solder electronical 
parts.   
Enduring Understandings: 
4. Materials have different compositions 
and must be handled, packaged, and 
formed differently in a safe manner. 
5. Rapid Prototyping can be done through 
additive manufacturing processes. 
6. Soldering can be used to manufacture 
electronical parts in a safe manner. 
Essential Questions:  
1.1 What are the different types of non-
metallic manufacturing materials and how 
are they different? 
1.2 How are different materials and parts 
packaged and handled? 
1.3 How do different materials form to 
make parts? 
1.4 What personal protective equipment 
(PPE) is needed when working with 




2.1 What are different ways to rapid 
prototype parts? 
2.2 What materials and systems can be used 
in additive manufacturing? 
3.1 How does one solder electronical parts? 
3.2 What PPE is needed when soldering?  
Knowledge:  
Students will know…  
1.1.1 Properties of non-metallic materials. 
1.2.1 Packaging and handling procedures for 
different materials and parts.  
1.3.1 Different forming processes for non-
metallic materials.  
1.4.1 Operator safety.  
2.1.1 Various Rapid Prototyping processes. 
2.2.1 Various additive manufacturing machines 
and materials.  
3.1.1 How to solder electronical boards. 
3.2.1 Operator safety when soldering.  
Skills:  
Students will be able to… 
1.1.1 Differentiate non-metallic materials. 
1.2.2 Handle and package parts. 
1.3.1 Form various types of non-metallic 
materials. 
1.4.1 Safely work with non-metallic 
materials. 
2.1.1 Perform Rapid Prototyping 
procedures.  
2.2.1 Operate various types of 3D printers. 
3.1.1 Operate CNC mills and lathes. 
3.1.2 Solder basic electrical boards. 






























APPENDIX F: TSM 340 UNDERSTANDING BY DESIGN- STAGE 1 
 
Instructor: Taylor Reth Course: TSM 340: Advanced 
Automated Manufacturing Processes 
Semester: Spring 2021  Audience: 3rd and 4 th year 
undergraduates 
Credits: 3 Prerequisites: TSM 210, TSM 216, 
TSM 240, MATH 151 
 
Stage 1 – Desired Objectives and Understandings  
Course Description:  
NC programming operations and machining practices for CNC mills and lathes. Transfer of 
part descriptions into detailed process plans, tool selection, and NC codes. Use of CAD/CAM 
for automated NC programming in 2D/3D machining operations of student designed parts.   
 
Lecture: Students will learn about G and M coding, CNC machining components, and 
engineering economics. Students will also learn how to read technical drawings.  
 
Lab: Students will learn how to operate CNC mills and lathes, create codes to cut parts, 
machine parts, and learn how to utilize Mastercam to create programs.  
 
Established Goals:  
1. Use G and M coding to program CNC lathes and mills. 
2. Determine most efficient feed rate, spindle speed, and depth of cut when using CNC 
mills and lathes.  
3. Operate CNC mills and lathes efficiently, effectively, and safely. 
4. Ability to use CAD to design and manufacture parts to specification. 
 
Transfer:  
Students will be able to independently use their learning to...  
Efficiently, effectively, and safely create programs and cut parts on CNC mills and lathes.   
Enduring Understandings: 
4. Tool and machine lifespans are dependent on 
feeds, speeds, depth of cut, and material. 
5. Different CNC machining processes, tools, 
and automated systems are required to safely 
create different finished products.  
6. Different design processes are used to create 
quality parts to specification and to create 
Essential Questions:  
1.1 What mathematical equations are 
used to calculate machining 
parameters?  
1.2 How does changing cutting 




prototypes, manufacturing tools, equipment, 
and processes. 
  
1.3 How does part material affect the 
tool and machine life and cutting 
parameters? 
1.4 What mathematical equations are 
used to determine the most cost-
efficient machine for an operation? 
2.1 What are the different types of 
CNC machining and tooling? 
2.2 How can automated systems be 
integrated into CNC operations?  
2.3 What tooling is most effective to 
use for different operations such as 
facing, contouring, engraving, and 
chamfering?  
2.4 What personal protective 
equipment (PPE) is needed for different 
machining operations?  
2.5 How do you safely operate CNC 
machines with the current engineering 
controls?  
3.1 How are machines, work holding 
tools, gages, cutting tools, and dies and 
mold designed? 
3.2 How can CAM and CAD programs 
be used to design parts and programs? 
3.3 How are GD&T read on an 
engineering drawing? 
3.4 How can prototypes be designed 
and tested? 
3.5 What quality tools can be used to 
test, improve, and analyze processes 
and Continuous Improvement checks? 
Knowledge:  
Students will know…  
1.1.1 Feed rate and spindle speed equations and 
functions. 
1.1.2 Effects of depth of cut on tool life. 
1.2.1 Effects of using the incorrect feed rate and 
spindle speed. 
1.3.1 Effects of part material on machining 
parameters.  
1.4.1 Mathematical equations for time value of 
money. 
2.1.1 Types of CNC mill and lathe operations. 
2.2.1 How to integrate automated systems into CNC 
machining. 
Skills:  
Students will be able to… 
1.1.1 Calculate the appropriate feed 
rate and spindle speed. 
1.1.2 Select the most efficient depth of 
cut. 
1.2.1 Identify the quality of the part’s 
surface finish 
1.3.1 Select most efficient cutting 
parameters for part material. 
1.4.1 Determine most cost-efficient 
machine(s) for an operation. 
2.1.1 Operate CNC mills and lathes. 
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2.3.1 What tooling to use for different machining 
operations.  
2.4.1 Operator safety. 
2.5.1 CNC machine safety.  
3.1.1 Processes for designing machines, work 
holding tools, gages, cutting tools, dies, and molds. 
3.2.1 How to use CAM to program parts. 
3.2.2 How to create parts on CAD software. 
3.3.1 What GD&T symbols represent. 
3.4.1 Processes to design and test prototypes. 
3.5.1 Quality, Continuous Improvement, and 
Process Improvement tools. 
2.1.2 Identify CNC mill and lathe 
tooling. 
2.2.1 Operate automated systems. 
2.3.1 Select correct tooling for different 
cutting operations.  
2.4.1 Wear proper PPE. 
2.5.1 Operate CNC machines safely.  
2.5.2 Identify engineering controls 
currently in place. 
3.1.1 Design machines, work holding 
tools, gages, cutting tools, dies, and 
molds. 
3.2.1 Use CAM software to create a 
program and cut a part to specifications 
from engineering drawing.  
3.2.2 Design a part on CAD software.  
3.3.1 Read engineering drawings and 
decipher GD&T symbols. 
3.4.1 Design, build, and test prototypes. 
3.5.1 Perform quality checks. 
3.5.2 Improve processes.    
 
 
